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This valve now 
has the 

American number 
79 72 

issued by 

E.1.A. 


this 


Ediswan 


valve 


is going 
We’d like to hook a finger in your buttonhole and 
give you the whole story of our improved valve pro- 


duction—the new machines that we’ve developed 


ourselves, the brilliant time and labour saving 
U techniques our bright boys have worked out, and 
the gratifying response to our drive for increased 


efficiency. But we’ll spare you and simply say that 


the result of it all is a drop in the prices of a number 
of our valves. The 13E1 is one of them. Write to us 


and we’ll tell you about the others. 


EDISWAN 13E!. A tetrode with an outstanding performance 
for series or shunt regulation. 
Va (max) Da (max) Tk (max 


Via Ih 
26-0V 13A 
13-0V 2-6A 800V 90W 800mA 


EDISWAN INDUSTRIAL VALVES & CRT’s 


Associated Electrical Industries Ltd Radio & Electronic Components Division, 155 Charing Cross Road, London W.C.2 Telephone: GERrard 9797 
TA 16/21 
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Haddon “STANDARD” Saturable Reactors— > 
Transductors operate from conventional A.C. line = 
Voltages and provide a choice of D.C. Voltages for € 
Control Windings. Selected from a wide range of ‘ 


S AN D ARD individually designed and manufactured SPECIALS 
over past years, the HADDON STANDARD RANGE 
enable the discerning engineer to select STANDARD 


SATURABLE REACTORS EQUIPMENT for Specific application. 


416 standard single-phase designs cover the range 


TRANSDUCTORS aaron 
They provide the best method of stepless control in 


both long-term economies and high performance 
standard. 


i! () 


Technical literature containing the principles 
and applications of our wide range of Saturable MAGNETIC 
Reactors is available on request. AMPLIFIERS 


For use with Saturable 


Reactors Haddon manufacture 
a standard line of Magnetic 


HADDON 2 
te Se Operating from 200/250V 


fe 50/60 c/s single-phase supply, 
with input of 0-5 mA DC in 
HADDON TRANSFORMERS LIMITED 2000/8000 ohms. 
Victoria Park Industrial Estate, Fi ip, Middx. 
Tele - By seers was meat, mail, . Illustrated above is the 1000W 
phone: Byron 9444-8 Telegrams: Hadtrans, Ruislip Magnetic Amplifier 
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POTTED COMPONENTS PLUGS & SOCKETS 


We are specialists in the design and manufacture af encapsulated The examples shown here are representative of the 
components in Epoxy and Polyester resins. Illustrated below are wide range available, and we are always happy 
a few typical examples. Our technical representative would be to discuss the manufac- 

pleased to discuss their use for your ture of a special type. 

particular applications. 


I 
eo PROBE AND SOCKET 
2 


Designed with the contact shrouded in order to 
monitor various points of a curcuit, the monitor points 
being taken to the nylon moulded socket mounted 
on the chassis. 


TEST PROBE 
Designed to monitor any point that is 
1. Probe No. 4—Used by the Post 3. P.60 Insert—An insert in a T/V terminated on a standard Ediswan Polytag. 
Office for fault location on telephone distribution line, potted to with- 
cable routes. stand the weather. 
2. Fixed Frequency Oscillator—On a 4, Pulse Transformers—A tor- PLUGS 
standard octal base and encapsulatedin oidel winding on a mu-metal core: No. 127 and 222 
epoxy resin. Output: 10 MW intoa600 all connections are brought out to Manufactured specially for the 
ohm load. Frequency: Asrequiredwithin strong turret lugs moulded in the G.P.O. An example of the 
the range 700-2000 C.P.S. sinusoidal. base of the casting. development of small com- 
5. Potentiometer Mounting—Here the material is ponents undertaken by the 
used as an isolator, the component being used as a Company. 
potentiometer mounting. 


WHITELEY ELECTRICAL RADIO CO. LTD. MANSFIELD - NOTTS. 
Telephone: MANSFIELD 1762/5 





FULLY SEALED 
and 
ENCAPSULATED 


to withstand 55°C to 120°C 


This new resistor is fully sealed and encapsulated and Full technical data 
will meet the H1 Humidity requirements from —55°C available from: 
to +120°C. The ceramic bobbin is in two sections to London Sales Office at 


reduce the inductance. ssi, ey 
Rating : + Watt. London, N.19 
Temperature Coefficient: Better than +0.002% per °C Tel.: Archway 0014 


or better than +0.0015% per 
°C above 1,000 ohms. also at: Diss, Norfolk 


Long Term Stability: Better than +0.03% for the 
first 1,000 hours’ use; there- 
after, negligible. 

Range of Values: 100 Ohms to 1 Megohm. 


Best Tolerance: +0.05 %. 
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iy, ly 


IDyshneeee! 


Datum engineers offer 
new facilities 


* Datum racks now 
available to take all 
types of chart 
recorder 


* Standard 19” wide 
panels can be 
mounted on the 
same rack frame 


Retractable desk 
units with or without 
stowage drawer 


Se ae 
Re SS ERS 
aa 


Our Sales Dept. can tell you more 
about these new features, so why not 


call Watford 22351 "4 
Now 


INSTRUMENT RACKS +- CABINETS - CASES 
CONSOLES - PANELS -+- CHASSIS UNITS 


DATUM METAL PRODUCTS LTD. 


COLNE WAY TRADING ESTATE + WATFORD-BY-PASS + WATFORD - HERTS 
OR/I Telephone: Watford 22351 Telegrams: Datum, Watford 
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DOUBLE ENDED 
STAINLESS STEEL 
VACUUM OVENS 


with glove box for semiconductor devices 
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We design and manufacture Ovens to Customer's 
special requirements. Should you have any problems 
in this field our Technical Department is always willing 
to help you solve them. Vacuum Ovens with tempera- 
tures of up to 600°C are also manufactured by us on 
similar lines but with Sectional Heating and Water- 
Cooled Ends. 


We design, manufacture and supply Vacuum Machinery to 
major companies in Great Britain and Overseas. 


Vacuum Ovens with Glove box and high pressure 
unloading chambers. Safety interlocking of doors. 
Automatic high pressure safety device on unload- 


ing chamber, seperate gas feed lines etc. 


Made throughout in polished stainless steel. 

Single action door openings. 

Rectangular with self spacings to suit. 

Double-ended controls. 

Electrical interlocking of air inlet and isolation valve. 
Outer cover hermetically sealed. 

Temperature Range 0-400 C. 

or equivalent F. 


VACWELL ENGINEERING CO., LTD. 


WILLOW LANE - MITCHAM - SURREY 


MAY 1961 


Temperature Control: Normal +7}°C. Special + 1°C. 
Internal Spacing 7” x 8” x 18”. 

(can be altered to special requirements). 

Vacuum Range: To 10-* m.m. 

Respective Vacuum Gauges incorporated. 

Automatic air inlet valve on Backing Pump. 

Visual Indicators and Fuses on all switches. 

Flanged for fitting into Dry Box. 


rower, 


U 


Tel: MiTcham 8211 (3 lines) é e 
WV 4 
CO.» 
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ANOTHER FIRST FOR 





(rompton 


Parkinson 


These are the first moving-coil and moving-iron 
instruments of their size and type to pass the 
Admiralty Shock Test as applied to instruments. 
They have been approved for use in fighting ships. 


These Admiralty Pattern moving-iron and moving-coil ammeters and voltmeters 
have 240° circular scales and square or round bezels. Square bezel instruments 
have 2” dials with scales 34” long; round bezel instruments have 2}” dials with 
scales 4}” long. The die-cast metal cases are nitrogen-filled and sealed. Dimen- 
sions conform with Ministry of Defence Specification DEF-62. 

Full specifications on request. 


During tests on the machine illustrated 
below, both types of instruments success- 
fully withstood shocks many times greater 
than any likely to be experienced under 
norma! conditions. 

The durability requirements of the indus- 
trial user are therefore absolutely assured. 
As well as being remarkably robust, these 
instruments are humidity-proof, easy- 
reading, space-saving, and accurate. 


(rompton Parkinson miniature INSTRUMENTS gg 


Crompton Parkinson Limited., Crompton House, Aldwych, London, W.C.2. Telephone: Chancery 3333 


ELECTRONIC ENGINEERING 


1613 


MAY 1961 





INVESTIGATIONS ON EE 3301 for further deal 


VIBRATION DAMPING 


AND HIGH POLYMERE PLASTIC MATERIALS 


can now be conveniently carried out by means of 


the Complex Modulus Apparatus Type 3930 and 
Recorder Type 3324. 


The instrumentation consists of a test jig in which a 
sample of the material should be mounted, and the asso- 
ciated electronic measuring equipment. 

By electro-magnetically exiting the sample into mechani- 
cal vibration and recording its vibration/frequency res- 
ponse automatically on a level recorder the complex 

JUNE 19-23 


modulus of elasticity and the damping factor of the 
sample material is found. 





The apparatus is designed for use over a very 
great temperature range from extremely low 
temperatures to about 250 ° C (480 ° F), which 


is of special importance for measurements on 
high polymere plastic materials. 











To illustrate its use with regard to vibration damping 
materials two plots of the same resonance are shown 
below, giving the characteristics of a steel bar before 
and after applying a mastic deadener. 


Bruel 


Adr.: NAQRUM, DENMARK - Teleph.: NAERUM 800500 - Cable: BRUKJA, COPENHAGEN 
SALES AND SERVICE: B & K Laboratories, 4 TILNEY STREET, PARK LANE, W.! 
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DurRacias 


“ Duraglas” Glass - fibre Tapes 
have many applications within 
the electrical insulation field such 
as conductor insulation, coil 
wrappings, core bindings, mech- 
anical reinforcements, 
wrappings, and heat resistant 
protective coverings. 


PYROFLEX 

Regd. 
“ Pyroflex”’ Asbestos Listing 
Tape has been specially designed 
for the electrical industry. 
“ Pyroflex”’is manufactured from 
carefully selected and purified 
fibres, and is suitable for a wide 
range of electrical insulation 
applications. 


p.t.f.e. 


p.t.f.e has exceptionally good 
di-electric properties, is non- 
tracking, non-flammable, 
resistant to moisture and totally 
unaffected by weathering con- 
ditions. As a result it has a wide 
application in the electrical in- 
dustry in the form of tape for 
the insulation of cables, motors 
and transfor mers. 


i RMERS TAPES DESIGNED TO COVER ALL INSULATION REQUIREMENTS 


TURNER BROTHERS ASBESTOS CO LTD ROCHDALE ENGLAND 


A MEMBER OF THE TURNER & NEWALL ORGANISATION 
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Even higher quality 

in quantity! 

through advanced techniques 
and extended capacity... 


RIVLIN 


precision wirewound resistors 


NEW ENCAPSULATION METHOD 


Rivlin Instruments Limited have developed a new method of 
encapsulation, based on epoxy resin, which has the following 








advantages :— 
Wide Temperature Range—Proof against High Humidity. 
Suitable for use in the temperature range -55°C to +120°C 
with or without humidity, without significant effect on accuracy 
and stability. 
Improved Stability. The new method results in resistors 
having stability of a very high order. 
Interchangeability. The new range is completely inter- 
changeable with the existing RIL types (1-9) and all dimensions 
are exact and repeatable within close limits. 
Precious Metal Plated Terminations. In accordance with 
the best modern practice, the terminations are gold plated for 
ease of soldering and to prevent oxidation during storage. 


STANDARD RANGE 

Rating 4W to 3W. Range 0.12 to 3M tolerance to +0.1% 
of nominal value or 0.010 whichever is the greater. Terminals, 
wire leads or solder lugs, fixing studs can be fitted. 














STANDARD RESISTORS PLUG-IN 
Rating 4W (other ratings to order). Range 502 to 200KQ, 
tolerance +0.1%. Designed for rapid range changing in 
recorders, computing networks, voltage dividers, etc. Phosphor 
bronze pins, gold plated for low contact resistance, plug into 
TYPES P.201 & P.C.301 Electro Methods type D2 socket (special spacings to order). 


FOR PLUG-IN AND 

PRINTED CIRCUITS PRINTED CIRCUIT 
Rating 4W (other ratings to order), range 502 to 200KQ, 
tolerance +0.1°%%. Designed specifically for Printed Circuit use 
with Phosphor Bronze pins, silver finished, spaced to suit 
standard Printed Circuit module. 


NEW PRODUCTION CAPACITY 


By the recent completion of additional factory, laboratory 
Full technical data and office buildings our capacity and scope have literally 
available on request. tripled. Delivery is now 3 to 6 weeks according to size of order. 

Where high accuracy and consistent performance are vital 
considerations then RIVLIN is the resistor to specify 


RIVLIN INSTRUMENTS LIMITED 


Yorktown Industrial Estate, Doman Road, Camberley, Surrey 
Tel: Camberley 2507/8 Grams: Riviectron Camberley London Office. Tel: Swiss Cottage 3038 
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An NEC semiconductor device for every circuit application 


The range of semiconductor pro- 
ducts at NEC is perhaps the 
widest of any manufacturer. 
Entertainment or _ industrial, 
standard broadcast frequencies 
to microwave — NEC has a semi- 
conductor device with the ‘ratings 
and characteristics for your ap- 
plication. There’s a wide selec- 
tion of current ratings, operating 
temperatures, and mountings. 


These are produced in NEC’s 


new semiconductor plant where 
crystal surfaces are cleaned by 
100 tons of hyper pure water 
daily. Every seal is tested in 
krypton isotopes, providing a 
failure rate suitable for the most 
critical applications. 

A single source for semiconduc- 
tors can mean a saving in time 
and costs. Just let NEC know 
your requirements and full tech- 
nical data will be sent. 


Types of NEC semiconductor devices 


@PNP super-grown Germanium transistors 
®Germanium photo transistors ©PNP alloy 
junction Germanium transistors ¢Silicoa 
Mesa transistors ¢Germanium Mesa tran- 
sistors ®Germanium gold-bonded diodes 
Silicon rectifiers @Silicon controlled recti- 
fiers Silicon capacitors ¢Zener diodes 
eGermanium point t ini-diodes 
®Silver-bonded diodes ¢Microwave mixer 
diodes @Silicon junction mini-diodes 








. ese 

Reliability The first NEC transistorized 
carrier telephone system was an NT & T 
installation in 19 between Toyama and 
Takaoka, a distance of [5 miles. it consists 
of two terminal stations and a repeater 
station with 240 channels using | ,6000 tran- 
sistors. 

During fast 14,000 hours of operation tran- 
sistor failure has caused only two channel 
fauits. This corresponds to a failure rate 
of 0.009% per 1,000 hours. 


Communications Systems / Electronic Components <> Mppon Electric Co. Lid Tokyo, Japan 
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ACCENT ON ACCURACY This new read-out system brings greatly 
...AND SPEED increased speed to what has always been the 

slowest stage in computor operation. With the 

Model 28 Page Printer it is possible, by using 

code combinations, to perform local and remote 

functions without sacrificing a single character 


code combination. 


UNIQUE DIRECT READER FOR GOMPUTORS AT A MODERATE COST 


This advance in computor technique is due to 
the versatile Function Box—superseding the 
traditional sequential selector—which provides 
for 32 functions over and above those required 
for usual purposes. These additional functions 
can be used to initiate actions within the 
machine, such as automatic tabulation, or to 
control remote operation of reperforators, 


lights, bells, motors, ete. 


| 
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No larger than an electric typewriter and with 
interchangeable typing heads, the Model 28 
Page Printer requires little or no maintenance. 


Send for full details to: 


4 Westrex | Company Limited 


COLES GREEN ROAD LONDON NW2 TELEPHONE GLADSTONE 5401/8 
The Westrex Company Limited is a Division of Litton Industries 
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Special industrial quality 
NEVVMARKE T 


TRANSISTORS 


1955: 75mW 1957: 150mW 1959: 300mW 
Our power ratings again increased— 


NWO”) / \\ 1961: 500mw =5 DECIWATTS 
* N SS 


DECIWATT AUDIO TRANSISTORS 


The pace of development at Newmarket Transistors has 
been so rapid that permissible dissipations in AF types 
are now reckoned in deciwatts (hundreds of milliwatts) 
rather than in milliwatts. 


In addition to some units with ratings of five deciwatts, 
the 1961 NKT 200 range features higher voltages, higher 
currents, flatter betas and industry — standard T022 
encapsulation. Where a T05 encapsulation is preferred 
an NKT 220 series is available with the same electrical 
specifications as the NKT 200 series. 


ACTUAL SIZE 


YW Yj Yj, 
y yyy Yy iy 
Y ff fy 


High-current, high-voltage output and switch. 1 Medium - gain, mid-/eve/ amplifier. 
KT 201 30V, 1A, beta at 500mA >30. r NET 208 30V, beta at imA >15. 


General purpose “donkey” switch. 1 wKT 206 low-noise, low -/eve/l amplifier. 
RY se 30V, beta at 25mA > 50. i 30V, beta at imA >30, N, < 6dB. 


Extra high-gain mid -/eve/ amplifier. i High-voltage switch. 
WRT 203 30V, beta at ImA > 50. 1 NAT £07 60V, beta at 25mA >50. 


High - gain mid-/eve/ amplifier. i High-current, medium-voltage output and switch. 
NRT 204 30V, beta at ImA > 30. P BRT 208 20V, 1A, beta at 500mA > 30. 


Data sheets are available direct from Newmarket Transistors uta" 
C > NEWMARKET TRANSISTORS LTD. 
EXNING ROAD, NEWMARKET Tel: Newmarket 3381 
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1 Nic/s 


Counter with 


in-line Readout 
for less than £350 


New techniques enable Venner 
to offer a transistorized 
frequency and time 

measuring equipment 

with in-line readout 

at a lower cost than 


ever before. 


The treble-3-six is proof 
that Venner gives a high 
technical performance AND 


versatility at low cost. 


3K Frequency measurement to | Me/s. TYPE T.S.A 3336 
3K Multi-period measurement over | to 10’ cycles. 
3€ Oven-controlied crystal. 


SK Six digit display. Stand No. 496. 


3 Sampling times 0.1, 1.0 and 10 sec. R.E.C.M.F. Exhibition, Olympia. 
30th May—2nd June 














3K Gated random pulse counting. 
3 Mains or battery operation. 
3K Light, compact and portable. 
SK Venner proved performance packaged circuits throughout. 


CLEAR READING MODERN STYLED KNOBS 
VENNER ELECTRONICS LIMITED 
Kingston By-Pass, New Maiden, Surrey. MALden 2442 


TAt>/ 08 5.54 
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Dear "Desperate", 
As you may know, or will know if you read on to the end of 
this letter, G.E.C. make the most versatile range of semiconductors 


in the country. Seventeen hundred people up at Hazel Grove make 


nothing else. Imean.e. what is your advertisement about? 


"Puzzled" 
G.E.C, 


THE GENERAL ELECTRIC COLTD SEMICONDUCTOR DIVISION SCHOOL STREET HAZEL GROVE STOCKPORT CHESHIRE 
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PROGRESS 
THROUGH 
RESEARCH 
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FROM THE RANGE OF Advance SERVICE INSTRUMENTS 


RAY } =. > ai 
ON ’ > 
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RELIABLE ATTENUATION 


MOVABLE CURSOR 


FOR ADJUSTING CALIBRATION 


rYPE SG62 ..- and at the right price 


WIDE BAND SIGNAL GENERATOR 


Here is another “Advance” contribution £40 
to quicker and more efficient servicing— Nett price 
a signal generator with a phenomenally ; in U.K. 

wide range covering all carrier and 
intermediate frequencies used for sound 
and television. 








Note the features, remember the 
“Advance” reputation for reliability, 
consider the modest price, surely the 
finest value for money yet offered in its 
sphere. 


Send for fully descriptive leaflet No. D45 


~ to be sure! 


dvante COMPONENTS LIMITED 


ROEBUCK ROAD « HAINAULT * ILFORD * ESSEX * TELEPHONE : HAINAULT 46646 
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A new and 











more sensitive 
Austinlite 








relay 
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FEATURES 








High accuracy—to within + 0.5%. 
High torque—hence positive contact pressure. 


Ease of adjustment with fine and coarse settings 
and self-locking adjustable contacts. 


Choice of either two or four adjustable contacts. 


Contemporary case design—projection or flush 
mounting. 


Dustproof and suitable for use in the tropics. 
Conforms to Post Office Specification P.T. 1025B. 
Suitable for current or voltage sensing on 





APPLICATIONS 


Current regulator control. 
Voltage regulator control. 
Monitoring duties. 
Limiting duties. 


Equipment protection. 





either D.C. or A.C. 


o7hustinlite ELECTRICAL EQUIPMENT 


(Custom-built by Stone-Chance Ltd. 
Makers of Sumo Pumps and Stone-Chance Lighthouses) 
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AUSTINLITE LTD * PICKERSLEIGH ROAD 
MALVERN * WORCS * PHONE: MALVERN 2686 
London Office: Schomberg House 
82 Pall Mall, SW1 - Phone : TRA 1954 
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Part of Stage D in ATV's new £4,000,000 
Studio Centre at Elstree, which was 
opened on 7th April by Dr. The Rt. Hon. 
Charles Hill, P.C., M.P., Chancellor of 
the Duchy of Lancaster. 


ASSOCIATED TELEVISION LIMITED 
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under one roof... 


2aYVoVvoVso 
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construction and assembly 
of modern control gear 





Built 

to the design 
and specification 
of 

PEABODY LTD 


The specialised engineering skills of Lintotts range 
from the precision machining of heavy metal castings 
or forgings down to light sheet pressings or stampings. 
For control panels, cabinets and desks, as currently 
being applied to the electronics and nuclear energy 
fields, Lintotts also undertake the complete electrical 
assembly. An example of this integrated service is 
shown here for burner control: top a remote sub- 
control panel, centre assembly of a control rack, left 
a composite control cubicle. 


These same skills can be harnessed to many other 
construction forms. Your enquiries are invited with 
a view to collaboration on any project at the drawing 
board — yours or ours. 





Horsham, Sussex. Telephone: Horsham 3316 
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TTA DURIUM cas” 


GIVE THIS AMAZING 
PERFORMANCE 


Durium masonry drills—first in the field—are still far, far ahead in quality, 
in performance, in value. It’s important that you should know this, for the 
name Durium tends to be used loosely nowadays for any masonry drill of 
similar appearance. Be careful not to fall into this error, for there is positively 
nothing to equal a genuine Durium Drill. Look at these special Durium 
features: 
ULTRA-FAST PENETRATION. Until you’ve tried Durium, you can have no idea of 
how quickly brick, tile, cement, slate, marble, etc., can be drilled. Only a 
Durium drill, with its tough, almost diamond-hard Durium tip, has such 
amazing speed of penetration and such sharp, silent, easy-cutting accuracy 
—specially valuable for tricky cavity walls. 
PATENTED NO-CLOGGING FLUTE. The patented rapid-helix flute forces out spoil. 
This prevents clogging, and packing, even in such adverse conditions as 
, damp brickwork. 
LONGEST LIFE. The extreme toughness of the Durium tip, and the stronger 
\\ backing given it by the specially designed flute, gives Durium Drills 
Y their astonishing ability to withstand the abrasive action of masonry 
which so quickly ruins ordinary drills. Durium Drills last longer. With 
a the Free Sharpening Service in addition, even this long life is doubled! 
BIG RANGE— DRILLING LENGTHS UP TO 16”. 


— |b) i SSS 


Durium Drills are made for all sizes of Rawlplugs from No. 6 to No. 30 (i.e. 
drill cutting diameters 4” up to 1"), and for Rawlbolts sizes C, D, E & G, 
Durium Drills are also made in the Long Series to facilitate the work of 
laying conduits, cables, pipes, etc.—five cutting diameters (4” up to 3") in 6” 
drilling lengths, and six cutting diameters (}" up to 1”) with threaded ends to 
take extension rods which provide for overall drilling lengths of approxi- 
mately 12” and 16”. 
HAND OR POWER. Durium Drills can be used very 
successfully in an ordinary wheelbrace, but for 
large-scale use and maximum performance, a 
Rawlplug R.P.2. Two Speed Electric Drill is 
recommended. At the lower speed of 420 r.p.m. 
this easy-to-handle power tool gives quite sen- 
sational results with Durium Drills. 
FREE RE-SHARPENING SERVICE. When your Durium 
Drill begins to lose its keen sharpness—and 
this happens at long last even with Durium! 
—return it to us with the complimentary 
voucher supplied with it and we will 
\ re-sharpen FREE! 
\e 





























Also in the Durium range are Durium tipped Glass Drills, and Durium 
tipped Hammer Drills for percussion drilling. Write now for free 
illustrated literature containing full details of these and other Rawl- 
plug hole-boring tools and Rawlplug Fixing Devices. 
Durium Drills are supplied in the bright orange and blue metal containers 
clearly marked Rawlplug Durium. Look for the name purium on the drill 
shank—no other is a genuine DURIUM DRILL. 


SUSIM MASONRY DRILLS 


REGISTERED TRADE MARK jun unequalled for performance 8721 


THE RAWLPLUG CO LTD - CROMWELL ROAD - LONDON - S.W.7 - The world's largest manufacturers of fixing devices 
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The AMPEX FR-600 is an advanced-design data recorder 
with twice the capacity of conventional recorders. Most analogue recorders can 
only record 24 minutes of 100 Kc data on a 14-inch reel of 1 mil tape. 
The FR-600 will record 48 minutes of the same data on the same reel of tape. 
The reason — greater bandwidth at a given speed... 125 Ke at 30 ips, 
for example. Many data-runs are 30 minutes or longer, requiring a stand-by 
recorder to pick up where the first leaves off...an expensive price 
for a few extra minutes of recording time. The FR-600 literally does the work 
of two conventional machines by enabling double record time for any 
given bandwidth, or double bandwidth for any given record time 
.»- 200 Ke at 60 ips, for example. Another cost-saving feature is the tape 
ishuttle which automatically scans any portion of the tape, eliminating the need 


for a separate loop recorder. Modular plug-in, solid-state electronics warm 
up in less than 10 minutes, and FM amplifier drift is less than one percent in 
24 hours. Other advanced features of the FR-600 include pneumatic tape 


guiding, tension sensing and control, adjustable search speed and fourteen 
miniature monitor oscilloscopes. For complete information write Ampex Great 


Britain Limited, Arkwright Road, Reading, Berkshire, England. [AMPEX | 
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The AMPEX CP-100 is a compact, extended-frequency 


instrumentation tape recorder/reproducer. Tape transport, motor drive 
amplifier, heads, power converter, controls and all-transistorized plug-in 
record/reproduce electronics are contained in a single 13%” x 19” x 33%" 
mobile case. The CP-100 operates on 28-volt DC, with 48 to 400 
cycle converters available for other power sources. Data is recorded by 
direct or FM carrier techniques on up to 14 analogue tracks. The 
CP-100 offers frequency response to 200 Kc at 60 ips or expanded 
recording time of 24 minutes for 100 Kc data at 30 ips on a 
standard 10/2” reel. Transport tape speeds — 1%, 3%4, 72, 15, 30 and 
60 ips — and plug in frequency determining units and equalizers associated 
with tape speeds, may be quickly changed. The versatile and mobile ; 
CP-100 performs reliably over a temperature range of from —50°F to 
+160°F, up to an altitude of 10,000 feet, in relative humidities to 95%... 
and is designed to withstand shocks and vibrations encountered in rugged 
mobile testing applications. This recorder may also be rack mounted 
if desired. For complete details write Ampex Great Britain Limited, 
Arkwright Road, Reading, Berkshire, England. 
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SILICONE 
ROUND-UP 





MS Silicones are everywhere in electronics. Their virtuosity is 
based on three outstanding characteristics: EXCELLENT DIELECTRIC 
PROPERTIES, HEAT RESISTANCE and WATER REPELLENCY. 


Silicone Glass Laminates . . . with high arc resistance and 
consistently low dielectric losses . . . Cold-Cure Silastomer . . . 
a liquid silicone rubber that sets at room temperature, encap- 
sulates, seals and fills voids, serviceable from —30°C to -- 250°C 
. .. Silicone Insulating Sleeving designed for continuous operation 
up to 180°C . . . Silicone Resins for resistor coatings that are hard, 
heat-resistant and water repellent . . . and there’s MS 4, a non- 
melting grease, excellent dielectric, highly water repellent, a 
preservative for rubber and plastics . ALL VERSATILE MS 
SILICONES for reliability and long operational life—in all types of 
electronic equipment. 


MS Technical Service Department exists to advise you on 
problems that silicones might help to solve. Consult our team of 
experts who have a real understanding of the application of 
silicones in industry based on ten years of experience. 

Write for detailed information on any one of the products 
mentioned here or for our new, illustrated booklet “Silicones in 
Electronics” (A 13). And don’t forget to visit our stand at the 
RECMF exhibition—No. 459 in the gallery. 


ELECTRONIC ENGINEERING 


MS were first in the field of British silicones. and 
this experience is reflected in every MS product. 


@S) 


MIDLAND SILICONES LTD 


(Associated with Albright & Wilson Lid and Dow Corning Corporation) 
first in British Silicones 


68 KNIGHTSBRIDGE - LONDON - SW1 
TELEPHONE : KNIGHTSBRIDGE 7801 
Area Sales Offices: Birmingham, Glasgow, Leeds, London, Manchester. 


Agents in many countries. 
® MSE 19 
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From Design—to 














Prototype— 


to Production work 
in Sheet Metal and full Panel Assemblies 


Re ey 


The Abbey Panel — 
& Sheet Metal Co. Ltd. 


A.1.0. A.R.B. AND C.1LA. APPROVED 
~ 





BAYTON ROAD + EXHALL * NR. COVENTRY «+ Tel: BEDWORTH 20738 Pu/ByX 
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“Belling-Lee” poco 


Gas leakage rate is low (<10~lusec). Insulation resistance 
is high (>10'°ohms). Flashover voltage is high, depending 
on size. Reduced humidity effects can be achieved by the 
application of silicones. 

A range of 10 coloured glasses, and various metals and 
finishes; the materials may be matched or under com- 
pression, depending on the application. 

Seals may be mounted by soldering, brazing, or welding, 
according to type and requirement. 


Enquiries are welcome for all types for medium and 
large-scale production. 





Most ‘‘Belling-Lee”’ products are covered by patents or registered designs or applications. 


TERMINALS - PLUGS&SOCKETS - GLASS SEALS* 
CIRCUIT PROTECTION DEVICES BELLING & LEE Tay 


INTERFERENCE FILTERS - RECEIVING AERIALS GREAT CAMBRIDGE R ENGLAND 





—imernet eh Enfield 5393 - Telegrams: Radiobel, Enfield 
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NEV 
UNDER ONE/ROOF 


«+» INSTRUMENTS FROM A SELECTION OF THE WORLD'S BEST 
MANUFACTURERS, BRITISH & OVERSEAS 








Better premises for us mean:— 


An expanded technical service. 
Better service for you the customer. 
Car park. 

Demonstration rooms. 

Easy access. 

Facilities which are right up to date. 


Good jobs for more engineers. 


Why not come and 
see for yourself—soon. 





In the wide and ever growing field of electronic instruments, 
Livingston Laboratories offer a unique service in the form IT’S “OPEN HOUSE” AT LLL 


of expert advice in the choosing of equipment to meet 


your needs. During Component Show Week 


Many thousands of electronic instruments of all types are 
included in our range of products from more than 100 Come and see us—we shall be pleased to show 


leading manufacturers at home and abroad. you round. There will also be live demonstra- 


Call in our Field Engineers or visit us at Camden Road to tions of a comprehensive range of the latest 
discuss technical problems of instrumentation and the new 


techniques being developed on both sides of the Atlantic. 
The solution to your problems may be as near as your STAND 451—COMPONENTS SHOW — OLYMPIA 
telephone — ring GULLIVER 8¢01 for all your electronic MAY 30th—JUNE ond 


instrument needs. 


instruments. 











LIVINGSTON LABORATORIES LIMITED 


31 CAMDEN ROAD - LONDON .- N.W.1I. Telephone: Gulliver 8501 (10 lines) 
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Now with these new 
Improved design features 


Special protective, non-conductive silicone-enamelled finish over 
silver plating. Minimizes the possibility of flash-over in dirty 
environments. (Cooling fin efficiency is unaffected.) 

Reduced flange diameter. Wire-ended Form ‘F’ units 0.4 in. max. 
Saves space in electronic equipment. 


Type SJ Rectifiers are: 


RESISTANT TO SHOCK AND VIBRATION 
COMPLETELY RELIABLE - FULLY ‘TROPICALISED’ 


Ratings 


TYPE AV. TYPE P.L.V. TYPE P.LV. TYPE P.LLV. 
Volts Volts Volts 
MAXIMUM CURRENT AT 25°C 


1.0 amp. 1.5 amp.* 2.3 amp.* 








$J052F SJ051A SJ052A 
$J102F SJ101A $J102A 
$J202F SJ201A SJ202A 
$J302F SJ301A SJ302A 
S$J402F SJ401A SJ402A 
SJ501A 
SJ601A 


MAXIMUM JUNCTION TEMPERATURE 
200°C 120°C 


* When mounted on suitable cooling fin 


S8sssse 


























Associated Electrical Industries Limited 


ELECTRONIC APPARATUS DIVISION VALVE AND SEMICONDUCTOR SALES LINCOLN ENGLAND 
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. TEKTRONIX 
OSCILLOSCOPES 


 aalals tcokcatnotihé oeenadl toes ama 


Deliveries from Guernsey production have been made for two years— 
now the first types to qualify for Duty Relief under Commonwealth 
Preference are :— 


MAY 


545A—Vertical amplifier bandwidth DC to 30M/cs. 
Two time base generators : 
Time Base A— Calibrated steps 0.!uS/cm to 5 S/cm. 
Continuously variable 0-IuS/cm to 
12 S/em; also X5 magnifier. 
Time Base B— Calibrated steps 2uS/cm to | S/cm 
(to 0-4uS/cm with magnifier). 
Versatile Triggering — Jitter introduced by delay and pick off 
circuitry less than one part in 20,000. 
Calibrated delay IuS to 10S. Incremental accuracy 0-2°%. 
£609 (Delivered U.K.) 
together with a wide range of Plug-in Units from 
£53 (Delivered U.K.) 


51S5A—Frequency response D.C. to 15 Mc/s. 

Vertical sensitivity continuously variable from S0mV/cm to 50V/cm. 
Calibrated sweeps from 0-2uS/cm to 2S/cm (0-04uS/cm with X5 
Magnifier). Uncalibrated sweeps continuously variable from 
0-04..S/cm to 6 S/cm. Versatile triggering. 

Two signal inputs with 60 dB separation. £315 (Delivered U.K.) 


BRITISH 
MADE 


in 
GUERNSEY (C.I.) 
WH) = 


L 
—_— 
—_—~ 
—~ 
-—_ 
— 
— 

/ 


The world’s finest 


PRECISION OSCILLOSCOPES 
are now available to 
BRITISH USERS 


DUTY FREE 


Other types of Tektronix Oscilloscopes are being made in 
Guernsey and additions to the Duty-free list will be 
announced over the next few months. 

Write now for full technical information to the sole 


Tektronix representatives in Great Britain:— 


LIVINGSTON LABORATORIES LTD. 


31 CAMDEN ROAD - LONDON - NWI 


Telephone: Gulliver 8501 (10 lines) 


1961 
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Theyre 


sold on 
LuXoL! 


LUXOL INDUSTRIAL FINISHES are specially 
formulated to give maximum sales-appeal 
and years of resistance to hard wear. 

Covering the widest possible range of 
products, the standard range of 21 Luxol 
Finishes will provide the perfect answer to 


your problem. 


For sales appeal from start to finish 


| | ' 
luXo i If you have a really out-of-the-ordinary painting 


problem consult our Technical Advisory Service. 


INDUSTRIAL FINISHES lf necessary they will prepare a special paint to 


meet your requirements exactly. 











BRITISH PAINTS LIMITED Industrial Finishes Division 


PORTLAND ROAD, NEWCASTLE UPON TYNE, 2 

NORTHUMBERLAND HOUSE, 303-306 HIGH HOLBORN, LONDON, W.C.1 

MERSEY PAINT WORKS, WAPPING, LIVERPOOL 

Belfast - Birmingham - Bristol - Cardiff - Glasgow - Leeds - Manchester - Norwich - Plymouth - Sheffield - Southampton - Swansea and all principal towns, 
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Proof Positive 


Araldite 


EPOXY RESINS 


Araldite is a registered trade name 


MAY WE WELCOME YOU TO STAND NO. 228 AT THE RADIO AND 
ELECTRONIC COMPONENTS EXHIBITION, OLYMPIA, LONDON. 


Casting by McKinlay Electrical Mfg. Co. Lid. for Hilger & Watts Ltd. CIBA (A.R.L.) LIMITED 


Duxford, Cambridge. Tel: Sawston 2121 
AP 588 
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There’s an I-C-:T computer 
to fit your business 


Shopping for a computer? Then you’ve a chal- 
lenging task ahead. For this major investment 
must pay you major dividends. 

Choosing and using a computer 
effectively and profitably requires 
imagination and great preparation. 
This means thinking in terms of the 
service you'll get as well as the 
machines you will use. Doing your 
shopping, in fact, with an organisation 
having the ‘know-how’,the resources 


and the experienced staff to examine 
your problems creatively, and to pro- 
pose the data processing system that 
fits into your business. 

This is the specialised service that 
you will get from I-C-T—the largest 
British firm devoted exclusively to 
data processing, which has been its 
business for over fifty years. 

I-C-T is at your service. There is an 
office near you-—or write to us now. 


I'C‘T DATA PROCESSING 
International Computers and Tabulators Limited 
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149 PARK LANE, LONDON, W1. OFFICES THROUGHOUT THE U.K. AND IN 51 COUNTRIES THE WORLD OVER 
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SILICON TRANSISTORS 


for industry 


Now, for the first time, general purpose m 
transistors specifically intended _ | 
and priced for industrial applications } 


ACTUAL SIZE 


in the 
15-50......2S701 
JEDEC T0-5ease 2”) 
for ease of circuit Ja 30-90 28702 


AND HIGH GAINTYPE “60-2 50_...28703 


Exceptionally low I, (Ig), lower than I, 
for comparable germanium devic 

No derating from — 40°C to » 50°C —suitable for 
equipment designed for Arctic AND Tropical 
climates. 

High cut-off frequency (for 28701 & 2S702 typically 


28711 : 28712 l 8 Mc/s —for $703 16 Mc/s)—one transistor 


ce ee ee Scan bee specified for all stages of the equipment. 


TEXAS onde INSTRUMENTS 


\ LiMITED 
¥ MANTON LANE - BEDFORD - ENGLAND 
BEDFORD 
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Bextrene 


BG15 has the edge 


Clean and clear-cut, the casing of this new ‘Ultra’ 
(TR60) transistor radio was injection-moulded by 
Halex in Bextrene BC-15 moulding powder. The 
superior flow characteristics of this toughened 
polystyrene enables highly complex shapes to be 
moulded with complete accuracy, impeccable 
definition and fine finish. Dies with slight under- 
cuts can be freely used because BC-15, more than 
four times stronger than ordinary grades, permits 
mouldings to be ejected without fracture. It con- 
forms to Type 1 requirements of British Standard 
3126, and can be produced in a great variety of 
translucent and opaque colours. Send for full 
technical data and make use of the BX Plastics 
Technical Service Department. They have wide 
experience in all techniques of plastic moulding. 
































BX PLASTICS LIMITED The British Xylonite Group, CHINGFORD, LONDON, E.4. 
TA5248 
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devices 


AID AUTOMATIG 


ASSEMBLY OF 
ELECTRONIC 
EQUIPMENT 


AVAILABLE NOW IN PRODUCTION QUANTITIES 


18111 Series 


High Power Silicon Rectifiers 
400mA - 600V 


18914 Series 


Diffused Silicon Mesa Computer Diodes 
4mysec - 75mA - 75V 


Suitable for automatic assembly on printed circuits because 
of standard size and shape, and magnetic leads. 

Special Texas MOLY/G* molybdenum-to-hard-glass seal 
gives resistance to severe mechanical shock. 

Long leakage path makes the devices particularly suitable 
for equipment used in industrial conditions and at high 


altitudes. 


HALF THE SIZE 


OF A 


& 


4W RESISTOR 


18120 Series 


Silicon Signal Diodes 
50mA - 150V 


187000 Series 


Silicon Voltage Reference Diodes 
3-3V-15V - 400mV 


Le junction temperatures are maintained by molybdenum 
heat sinks which give high heat dissipation and therefore high 
thermal capacity. 

Matched coefficients of thermal expansion of molybdenum 
and hard glass envelope eliminate differential heat strain. 
The only range of devices of their kind in mass producton in 


this country —now. 








CV Type Approval covers many of these devices—write for details 


Data Sheets and Application Information are avaiable on all TEXAS semiconductor devices, which include : 


EXAS 


| 


TEXAS 


RE CM F 303 - GRAND as 


og < 


INSTRUMENTS 


LIMITED 
I gy” MANTON LANE 
BEDFORD 67466 


BEDFORD ENGLAND 
CABLES: TEXINLIM, BEDFORD 


ACTUAL 
SIZE 
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ELECTRONIC ENG 


perfine Wires by- 
3 Fi 


Precision resistors and potentiometers must, 
inevitably, be precise. So must the resistance 
wires which go into them. 


By precise, we don’t only mean in the 
critical matter of size. Superfine wires must 
match exactly in finish, physical properties 
and electrical characteristics the require- 
ments of the particular job. These require- 
ments vary widely from one application to 
the next, and the British Driver-Harris 
range of superfine wires has been planned 
to cover them. 


Sizes. Starting at .002 in. (0.05 m.m) and 
working downwards. 


Finishes. Bright, oxidised, enamelled, and 
enamelled and silk covered, for example. 


Temper. Annealed or hard. 


Nichrome* @ Nichrome* V. Nichrome* 
(65/15 type nickel-chromiunviron) and 
Nichrome* V (80/20 type nickel-chro- 
mium) are the alloys most suitable where 
a high resistance is necessary and where 
the change in resistance due to temperature 
does not hinder satisfactory performance. 


Karma*, This is essentially a modified 
80/20 nickel-chromium alloy, developed 
especially for the electronics industry, 
which combines a high specific resistance 
with a low temperature coefficient. 


Advance*. Wires of this 60/40 copper- 
nickel alloy have a low temperature co- 
efficient and a fairly high specific resistance 
—important properties in precision resistors 
which must have constant resistance over 
a wide temperature range. 


*Reg. Trade Mark 


For further information write for Data Sheet No. 1, 4 4-page 
booklet containing concise technical information. 


INEERING 


BRITISH 
DRIVER-HARRIS 
co LTD 


CHEADLE HEATH, 
STOCKPORT, CHESHIRE 


MAY 
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modular instruments 
for industrial 
process control 

and data handling 


. 
q 
a 
q 
[+] 


This Operational Amplifier is built on a 7 inch x 7 inch printed wiring board 
for easy incorporation into other equipment. Usually it plugs in but for 
extra reliability it can be wired in. 


The Amplifier can be used for differentiating, integrating, linearising, 


c a E R a T ' Oo N ee L analogue to digital, voltage to digital and frequency to voltage conversion. 
it is one of the basic circuits in the Dataflex range and is used in a number of 
A MM P L ' F $ E R Dataflex Units. 
Note these features :— 
@ Completely transistorised 
@ High gain—i0’ at d.c. reducing to unity at 2 Mc/s 
@ Transistor chopper for drift correction 
@ Extremely low input voltage and current drift 
@ Input noise less than 100, V 
Incidentally it costs only £40. 


Write now for details of this and other Dataflex Units to: 


BENDIX ERICSSON U.K. LTD. 


HIGH CHURCH STREET - NEW BASFORD - NOTTINGHAM : Telephone: Nottingham 75115 
ERI6 (FORMERLY ERICSSON INSTRUMENT DIVISION) 
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[Mullard] 


bd 


ELECTRONIC 


rise 
time 
and 
transit 
time 





GOVERNMENT AND 
INDUSTRIAL VALVE DIVISION 


MULLARD LIMITED Government and Industrial Valve Division 
Mullard House Torrington Place London wci Telephone: LANgham 6633 


ENGINEERING MAY 
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Mnillimicroseconds 


The 56AVP Photomultiplier is acknowledged to be the most advanced of its kind in 
the world. The width of the output pulse delivered by the 56AVP is as little as 
2 millimicroseconds at half height, and the rise time is of the same duration. Another 
exceptional characteristic of this most exceptional photomultiplier is a high peak 
output current of 1A, linear up to 300 mA. 


A remarkable range of Photomuttipliers 

The 56AVP is, in fact, an outstanding member of a distinctly outstanding range — the thirteen 
Mullard photomultiplier tubes, all of them providing unsurpassable performances, some of 
them unequalled in the world. 

This range covers the spectrum from ultra-violet to near infra-red and three of the tubes 
incorporate a unique focused dynode system, providing their excellent transit time spread 
and rise time. 

These tubes were introduced only after the most intensive development programme. In 
particular, the construction, arrangement and mounting of the secondary cathodes have been 
the subject of exhaustive studies aimed at producing a multiplier system giving a high current 
gain, minute dark current and minimum variation of electron transit time. 


For so many applications 


Employment in scintillation counting and gamma spectroscopy are but two of a very broad 
range of applications in which these tubes are used. 


There is so much to be said... 

about the 56AVP and the other twelve tubes in this range that you can gather all the 
necessary information only by studying the Mullard data sheets which will gladly be sent on 
request. Write now for these and for any further details concerning the Mullard photomultipliers 
and their applications. Here are brief details of the complete range 


5S1UVP Eleven stage tube with 56AVP Fourteen stage tube with 

32 mm diameter photocathode focused dynode structure giving rise 
and quartz end window to give time and transit time spreads of 
sensitivity to ultra-violet. 2 x 10-9 s. 42 mm diameter 


h h ; 
52AVP Ten stage tube of 25mm photocathode 
outside diameter and with 20mm S56UVP As 56AVP but with quastz 
diameter photocathode. end window. : 


53AVP Eleven stage tube with S7AVP Eleven stage tube 
44mm diameter photocathode for photocathode 200 mm in d 


Se Rh GERD SPOS TOSSED. 58AVP Fourteen stage tub 
53UVP As 53AVP but with 110 mm diameter photocat 
quartz end window to give tube has a tetrode input sy 
sensitivity to ultra-violet. giving spreads in transit ti 


h -% sg, 
54AVP Eleven stage tube with photocathode of 10-° s 


111 mm diameter photocathode 150AVP General purpose te 
for flying spot scanners. tube with 32 mm diameter @ 
photocathode. : 


150CVP As 150AVP fut with a 

photocathode sensitive to infra- 

radiation up to 1.2 uJ 

153AVP Eleven stag 

use with scintillation 

a resolution of less th Fa 

with Cs137, = 7] MVTD404 
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THE ONLY 


FULLY TRANSISTORISED / 


Fully Transistorised 
a a 
: Low Heat Dissipation 
Fully Protected Against Overload and Short Circuit 
2 Year Guarantee 

Reduced Size and Weight 

Low Price 

Increased Reliability 

Robust and Shock Resistant 
Ipcorporating Mains and Output Fuses 

C Core Transformers 


*e eK KE KE H KR H € 








= 


o4 





LOW VOLT 


Overioad and Short Circuit Protection * 
" gmereased Reliability * 
Reduced Size and Weight * 

Robust and Shock Resistant * 


Incorporating Mains and Output Fuses * 
Fully Transistorised * 

2 Year Guarantee * 

C Core Transformers * 





OLTAG 








E POWER SUPPLY UNITS 


4 


we ee none, 
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Adjustable Speed Drives 
Series FMC. 1, 


CONTROL 
FOR 
INDUSTRY 


Provide fingertip speed control 


AS 13 9NnN w 


of fractional h.p. motor. In two 
standard variations for 0°05 
and 0:1 h.p. motors.— 
Standard Products 


Division, 


Siddavis 


LANCASHIRE DYNAMO ELECTRONIC PRODUCTS’ LIMITED 


Adjustable Speed Drives 
Series BMC,1 & 2. t 


Level Control 
Series TLC.1. 


Fully transistorised capacitance 
operated level contro! equipment 


In two ratings up to 3-5 h.p. 
and up to 15 h.p., both having 
a good regulation and 10:1 


ABZ 173 9N Ww 


for fluids, powders and granular 
materiais. Wide range of 
accessories for operational 


flexibility. — 
Standard 
Products 
Division. 


stepless speed range. — 
Standard Products Division. 


Sddvis 


LANCASHIRE DYNAMO ELECTRONIC PRODUCTS LIMITED 


As Britain's leading manufacturers of 
industrial electronic control equipment, 
Lancashire Dynamo Electronic Products Ltd. 
offer a range of products in this field which 
is second to none. This equipment, develop- 
ed, designed and produced by a specialist 
organisation, finds application in almost 
every branch of industry. 


‘Transidyne’ 
Adjustable Speed Drives 


Unique transistor con- 
trolled Ward-Leonard 
drives available in ‘pack- 
aged’ construction for 
motors up to 20 h.p. and 
in pillar type up to 1000 
h.p. —Standard 
Products Division, 


For full details of any of the products, 
write for leaflet GA2. 





M Metal Industries Group 


LANCASHIRE DYNAMO ELECTRONIC PRODUCTS LIMITED 


Smoke Alarm 
and Densitometer 
Series SME.2. 


¢ Adjustable Speed Drives 
Grid controlled thyratron 


rectifier drives with up to 60:1 


AZ 13 9n ww 


For monitoring the emission 
ot smoke from factory and 
other smokestacks to ensure 
compliance with the 

Clean Air Act. 
independently certified 

by the British Standards 
Institution. — Standaru 
Products Division. 


stepless speed range with close 
regulation. In ratings up to 30 h.p. 


— Standard Products Division. 
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Photoelectric Switching Units Position Controls 


Series EPU.3. 


Highly engineered photo- 
electric switching units 
designed for extreme flexi- 
bility of application by the 
use of an extensive range 
of electrical 

cubadion : movement control for cobalt 
accessories, 
— Standard 
Products 
Division. 


Automatic control in 


medicine as well as industry 


Ag T3 9N Ww 


— here a positional and 


bomb radiation therapy unit. 


— Systems Division, 


Sdsvis 


LANCASHIRE DYNAMO ELECTRONIC PRODUCTS LIMITED 


Comprehensive packaged 
resistance Welding 
Control Equipment 

Series CRW.1. 


Automatic 
Lighting Control 
Series ALC.3. 


Switches artificial 
lighting in factories, yards 
and streets from daylight 
level. Fully weather- 
proofed, compact, needs 
no adjustment through 
the year.— Standard 
Products Division. 


AZ WIZ ONY 


Extremely versatile range suitable for all 
types of resistance welding control. 
Basic cubicle accommodates alternative 
sub-units providing non-synchronous 

or synchronous timing, stepless heat 
control, automatic current regulation, etc. 
— Resistance Welding Control Division. 


Ssgdavis 


LANCASHIRE DYNAMO ELECTRONIC PRODUCTS’ LIMITED 


Strip Chart Recorder/indicator] 
Controller 


Series SCR.3. Manufacturers 


a 
Cc 
i) 
m 
r 
m 
< 


Rebalance potentio- 
meter type with 10” 

wide chart provides ‘ rohan iale lei-adatct an.) islendaelalt 
high performance 


Zola lo MMe, ale =t-) am @- tale l= 


at low cost.— 
Instrumentation 
Division. 


forelahdge) mm-1elUlloleal-tan 


Sdsvis 


LANCASHIRE DYNAMO ELECTRONIC PRODUCTS LIMITED 


Process Timer 
Series PCT.1. 


Machine Tool Feed Drives 


Drives for all motions on 
machine tools including 
steering controls. Here large 
openside plano-miller table 


For precision timing at 
economic price. Six 

: : ; time ranges 0-1 to 500 
drive has very wide seconds and many 
speed range and mechanical variations 
automatic cutter ‘ for application flexibility. 
load control.— — Standard Products 
Systems Division. Division. 


AS T3232 9-28 


1961 ELECTRONIC ENGINEERING 





EE 33 048 for further details 





SERVOMEX 
tabilised D.C. Power Supplies 


A range of relatively high power d.c. stabilisers capable of standing 
heavy overloads and suitable for continuous industrial use by 
unskilled people, and even students. Although the correcting 
mechanism is mechanical, the response time is shorter than many 
magnetic stabilisers of similar power. Small errors are fully 
corrected in 100 milliseconds. 
The range comprises: 
DC.60 24-240 volts 0-5 amps DC.58 6-60 volts 0 to 20 amps 
DC.59 12-§20voltsOto10amps DC.56 3-30 volts 0 to 40 amps 
@ Ripple at full load, about0.1% @ The workmanship and the 
R.M.S. bulk of the components are to 
a ° military specifications, robust, 
@ Stability t 0.3% of the easily serviced by non-special- 
maximum voltage of the jsts, and suitable for tropical 
instrument. climates. 


Servomex Controls Ltd., Crowborough, Sussex. Crowborough 1247 
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shown above is a specimen of the work done on this 


SERVOMEX 
New Field Plotter FP92 


This novel device can be applied to field problems in many branches 
of science and engineering; in fact, wherever the inverse square 
law applies. The interesting example above shows lines of electric 
equipotential in the insulation of a transformer. Observe that the 
electric stress has been magnified near the windings, because the 
equipotentials at these points have been plotted every 5% instead 
of every 10% as in most of the field. The price is £33, delivery from 
stock. 


This field plot was supplied by the courtesy of the Transformer Development Department 


of Ferranti Limited, Hollinwood. 


Servomex Controls Ltd., Crowborough, Sussex. Crowborough 1247 
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HK Todays finest value 
for only 


STABILISED POWER SUB-UNIT 


MODEL 4931 





This very small unit, supplying 250 or 300 V.D.C. at 
150 mA. max. is ideal for building into your equipment. 
At this price, with a stability of +0°1% it is no longer 
worthwhile designing your own power pack. 

Write for further details of this unit and its companion 
model 4964 providing 150V. or 200V. at 150 mA. 


tense CHERTSEY ROAD 
S BYFLEET 41131/2/3/4 PABX 
INDUSTRIES  pyeieer, SURREY — GRAMS: APTRAN. BYFLEET 


LIMITED 
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Type 1000 


Encapsulated transductors 
meeting Climatic Classifica- 
tion 40/70 H1. They have passed 
the tests for Inter-Service Type 
Approval as specified in RCS 
(Prov) 217, and are used exten- 
sively in Service equipment. 


Supply Freq. | 


50 c/s | From 0°005W to 11W 
400c/s | From 1W to 145W 


D.C. Output 








Type 2000 


Open-type transductors suit- 
able for use in industrial appli- 
cations requiring Climatic 
Classification 40/70 H2. Many 
of these transductors are in use 
in steel works, coal mines and 
similar situations where ro- 
bustness and reliability are of 
prime importance. 


Supply Freq. D.C. Output 


50c/s |From 50Wto 500W 
400 c/s | From 500W to 4000W 





wherever 
speed, frequency or 
voltage is controlled 


EE 33051 for further details 


you'll find 


QMAKNE 


TRANSDUCTOR 
AND MAGNETIC 
AMPLIFIER SYSTEMS 


Type 3000 


Transductors use toroidal 
cores, the whole assembly 
being encapsulated inan epoxy 
resin to make a component 
satisfying the requirements of 
Climatic Classification 40/70 
Hl. This range is Admiralty 
Approved and is used exten- 
sively in Service equipment 


Supply Freq 


50 c/s From 50Wto 250W 
400 c/s From 500W to 2000W 


D.C. Output 





Type 4000 


In the 4000 range the transdu« 

tors are of the same high qua! 

ity and finish as the 2000 range. 
but the construction is such 
that they can be supplied as 
either 1-, 2-. or 3-element as 
semblies. Climatic Classifica 
tion 40/70 H2 


Supply Freq | 


50c/s | From 50W to 1000W 
400 c/s | From 500W to 8000W 


D.C. Output 


The Sanders range of high performance transductors is ideally suitable for use in automatic 
control systems and applications where size, weight and quality are important. A 
comprehensive selection of transductors exists for operation from both 50 c/s and 400 c/s 


supplies. 


The advantage of being able to obtain astandard type of transductor with known 


characteristics enables them to be offered at competitive cost and with a short delivery 
period. In addition to this standard range, a large selection of transductors is produced 
using thé same high quality construction, but having different windings to suit individual 


requirements. 


This is one of a series on 
instruments and components by 


MAY 1961 


GROUP OF 


OMPANIE: 


W. H. SANDERS (ELECTRONICS) LTD 


GUNNELS WOOD ROAD 
Telephone: Stevenage 961. 


ELECTRONIC 


STEVENAGE * HERTS 
Telex 82159 Sanders Stev 
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In the design and production of thoroughly reliable 
electrolytic capacitors, Plessey have for years held 
a commanding lead. To every new demand made 
by rapid developments in radio, television and 
electronic equipment Plessey can respond by 
bringing to bear unrivalled experience, tremendous 
resources and highly skilled staff. Such is the care 
taken to obtain impeccable standards of quality 
and performance, that virtually clinical conditions 
of manufacture are maintained in the superbly 
equipped laboratories and workshops. These same 
exacting standards are imposed throughout the 
comprehensive range of capacitors produced 
by Plessey. 


Whatever the requirement Plessey | provides the finest component 


THE PLESSEY COMPANY LIMITED 
Capacitors & Resistors Division: Kembrey Street - Swindon - Wiltshire . Tel: Swindon 6211 
Overseas Sales Organisation 


PLESSEY INTERNATIONAL LIMITED - ILFORD - ESSEX - ENGLAND 
Telephone: liford 3040 ° Overseas Telegrams: Plessinter Telex Ilford 





@ crs 
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Quartz 
Crystal Ovens 


STABLE TEMPERATURE ENSURING 
MAXIMUM FREQUENCY STABILITY 








Switching differential 0-0014°C. 
No thermostat 
No thermometer switch 
Orthodox crystal ovens, using thermostats 
or thermometer switches, are available for 
applications where wider temperature varia- 
tions are acceptable. 





Troup: 
takes the design and 
| specialized components only 
~ suitable alternative is available; and 
in ea ero stat caaei as 
"ized components are designed to more 
ex exacting standards and built to closer 
~ tolera rances than any similar com- 
ponents. A preliminary catalogue is 
available, listing ferrite isolators: 
and circulators, coaxial connectors, | 
‘ attenuators,terminations and switch 
es; waveguide filters Fy tipasonge 
“ “and bends; A oii: filters and ovens. . 





MARCONI 


SPECIALIZED RADIO COMPONENTS 





Write for details of crystal ovens and other specialized components 
in the Marconi range, and address your enquiries to: 


SPECIALIZED COMPONENTS GROUP 


MARCONI’S WIRELESS TELEGRAPH COMPANY LTD., 
CHELMSFORD, ESSEX, ENGLAND 
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On display at 
are y pre-eminent in the field of R.E.C.M.F. 


astic film ca citors. db in \ - 
. te Co p ny’s vast _ \ Exhibition 
Bee isin or © polyester dielectric \ STA N D 
and foil construction, at reasonable cost. \ 
construction ensures maximum reliability. 21 6 


The basic characteristics of the capacitors are 
detailed in the table below: y 


POLYSTYRENE CAPACITORS POLYESTER CAPACITORS 


CHARACTERISTIC 
Type PF Type A597 Type PFT Type A596 


Overall Range 5pF-510,000pF 150pF-510,000pF 0-001 MF-2 pF 0-05 UF-2 UF 


Working Voltages 125-2,000 D.C. 125 350 150 250 150 
750-2,000 A.C 750 2,000 350 500 


fare ra 20,000M1L /MF or 20,000M 1. / AF or 


106M 2. 106M LL 50,000M 1. whichever | 50,000MS. whichever 
is the less is the less 


Iinsulance 


40 C to +70 Cc —40°C to +100°C 40 C to +100°C 
— apes derate stability +70 derate voltage derate voltage 
at + 70°C to + 85°C at +85°C at +85°C 


Power Factor < ‘0005 < 0005 < 007 < 007 


Temperature Coefficient ~ 120» 10- 6 per c nom 130 +15 « 10-6 per °C | +200 10-6 per °C nom. 


Capacitance Temperate — % ~<0-05% = 05% <05% 
Stability Tropical + ‘ < 5% after H2 5%* 


+200 x 10-4 per °C nom. 


Test Voltage . 3 = wkg. 2« wkg 2 wkg. 


*Rated RCS11H1 tRequires sealing tor tropical conditions 


further 


CAL INSTRUMENTS LIMITED 
SE - KINGSWAY - LONDON WC2 Temple Bar 4668/9 Smee's GEC 84 
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Ferrite 


Isolators Miniature 
Crystal Filters 





Existing Marconi designs cover most of the frequencies 
from 1.8 Kmc/s to 10 Kme/s, and enable the following 
performance characteristics to be obtained : 

Reverse losses of 45 dB or greater VSWRs 1.03. 
Forward losses of 0.5 dB or less. 

A wide range of ferrite devices, including circulators, 
is available; if your requirements fall outside our existing 
range we shall be pleased to consider a design to suit you. 
Crystal filters operating at 100 kc/s with bandpass 
characteristics. 


50 h @ . | Pairs of upper and lower sideband selection filters for SSB 
Oo mM Oax ! a applications. 


IF filters at 455 kc/s. 

Con necto rs Marconi’s are constantly engaged in the development of 
new crystal filter techniques, and it is impossible to specify 
the large number of filter designs available. The Company’s 
unique experience in this field enables us to offer advice 
and technical assistance with filter problems of any kind. 


MARCONI 


SPECIALIZED RADIO 
COMPONENTS 


Write for details of crystal filters and other 
Designed to combine low VSWR with positive mech- specialized components to 


anical connection at 5000 mc/s, this connector is SPECIALIZED COMPONENTS GROUP 
unique in its use for laboratory measurements and for 


any application calling for a stable and reliable match. MARCONI'S WIRELESS TELEGRAPH COMPANY LIMITED, 

Alternative arrangements are available for flexible CHELMSFORD, ESSEX, ENGLAND 

cables or panel mounting use. The connectors are 

normally female but can be converted to male by the 

simple addition of a locating ring and connecting pin. &y 
Mayr 





The design incorporates a sealing ring for water- 


: mares A preliminary catalogue 
proofing the connecting joint. 


is available listing 
specialized components for 
immediate delivery. 











ws 
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60626 


D.E.F. 9011? 


D.E.F. 5011 and many other government specifications call for the use of 
vibration test equipment. Fatigue and resonance search tests are the principal 
applications but there are several more. In fact, vibration equipmentis adesign 
and test facility which is rapidly gaining in scope and importance throughout 
industry. But for all that, the techniques are still comparatively new and, not 
unreasonably, present unfamiliar problems to many manufacturers. 

We specialise in both the manufacture of such equipment and the technology 
of its applications. Our range is the most complete in Europe. 

If you can't meet D.E.F. 5011 or other government specifications requiring the 
use of vibration test equipment. Or if you want to be better equipped to do 


so...meet us. 
(on. Oe) 2 ).. o. Oy f_) 


the vibration specialists 
GOODMANS INDUSTRIES LTD. AXIOM WORKS, WEMBLEY, MIDDLESEX, ENGLAND 
Wembley 1200 (8 lines) - Cables: Goodaxiom, Wembley, England 


Accredited Agents: HAWNT & CO. BIRMINGHAM 
FARNELL INSTRUMENTS LTD., WETHERBY, YORKS. 
A.R.BOLTON & CO. LTD., EDINBURGH 


STAND No. 264 (Grand Hall) 
es 
ELECTRONIC ENGINEERING 


Vv 
Peak thrust 


390A 
Peak thrust 


8/600A Mk.11 
Peak 
thrust 
300Ib. 


. VG109 Mk.111 
. . Peak thrust 18,000Ib. 


In addition to the vibration genera- 
tors there is a corresponding range 
of oscillators and power amplifiers 


MAY 1961 
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‘avouisn euecreic’ WAPOUR COOLED 
POWER TRIODES 


The range of vapour cooled power triodes by the a 
English Electric Valve Company Limited \\ 
now comprises five standard production types, 


for r.f. heating and telecommunications equip- 
ments, with anode dissipations from 10 to sokW. 


( 


Vapour cooling, under certain operational conditions, 
offers positive advantages over other available forms E.E.V. Frequency Disiouien yay 
of cooling. Type (Mc/s) (kW) (kW) 
% Eliminates the need for costly air-filtration 
in dirt-laden and polluted atmospheres. 
* Effects substantial savings where water BYI89 35 
costs are high. BY194 50 
25 
18 








82 


%* Can be operated where water is scarce. BY1102 
% Ensures completely silent operation. BY! 12! 
Abridged data are given here. For full informa- 
, BY! 122 10 
tion on these vapour cooled valves and their water and 
air cooled variants please write to the address below. 


ENGLISH ELECTRIC VALVE COMPANY LTD. 


Chelmsford, England. Telephone: Chelmsford 3491 | AGENTS THROUGHOUT THE WORLD. 
AP 168 


53 
50 
29 
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improved Brandenburg 
design, with wide 
centre ventilation and 
easier access to all 
components. 

Two of model 
¥300/200 mounted in 
one suitable frame 
measuring 17}” x 174" x7" 
This shows one of 
many methods of 
mounting these units 





All model voltage stabilized. 


aii polarity reversible a 
lective resistance 0-1 ohm q a 
stability against + or — 10%, mains change: 0-02%, ie =e > —, 
ripple less than 2mV 
input 200/250 volts, 50 cycles. | - 710 0/ | Amp. £140 0 0 
output a.c. 100 and 200 mA models: 4x6-3V, ISA. | £230 
350 and S00 mA models: 2x6-3V, 5A. All | >: | or ee 2 
can be paralleled A. £64 0 0) 
dimensions 100 and 200 mA models: 153” x 53” x 6}” high. complete with 19” front 
350 mA models: 153” x 74” x 74” high. 500 mA /A. £80 0 0 | panel and assembly 
models: two chassis, each 15}” x 53” x 6}” 
high. Flanged open chassis, with frames 
available for converting all models to front 
panel mounting 


new current-stabilized models 


type C300 
input 200/250 volts, 50 cycles 














Models below 200 volts can be supplied to order. 


output current 50-300 m/A, continuously variable 
output voltage 500 volts, maximum 


stability better than 0-1% for + or — 7% mains 
variation 


drift less than 0-5% for 30 minutes 


enquiries are invited for 
similar specifications 


Brochure ef Brandenburg voltage-stabilized range also available 





BRANDENBURG LIMITED 


139 Sanderstead Road, South Croydon, Surrey. SANderstead 3555/6 


Export enquiries to: Applied Research (Instruments) Ltd. Emefco House, Reigate, Surrey, England 
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high voltage regulated power supplies 
—standard models up to 100 kV. 


5, 10, 20 and 30 kilovolt regulated supply 


Type $0530 model A 


50 kilovolt regulated supply 


All prices quoted are for U.K. only 
Type $0530 
output | to 10 kV at 2mA. Model A 
2 to 20 kV at | mA. Model B 
3 to 30 kV at § mA. Model C 
500 V to 5 kV at 2 mA. Model D 
input 200/250 volts, 50 cycles 
polarity positive or negative grounded available 
regulation against full load: better than 0.5% 

Against mains variations of plus or 
minus 7%, better than 1% 
5” Ernest Turner movement 
current metering jack 
standard 19° x 104" P.O. panel 
for rack mounting or bench use 


£135 -~ 


Models A, B and C can be supplied with 
reversible output polarity at £165 


Type MRSOR 


output 5 kV to 50 kV at! mA 
input 200/250 volts 
polarity reversible 
regulation against full load: better than 1%, 


Against mains variations: +5%,—5%, better 
than 1% 


dimensions W: 24” H:23” D: 15” 


output current 


output voltage 
polarity 

ripple 
regulation 


input 
metering 


 m 


100 kilovolt regulated power supply 


Type MRIOOR—3 models 

0.5 mA. Model MR100R/500 

| mA. Model MRIOOR/I 

10 to 100 kilovolts, continuously variable 
reversible 

0.1% 

no load to full load: better than 1% .Against mains 
variations of plus or minus 7%, better than 1% 
200/250 voits, 50 cycles 

output voltage and current metered 


Brochure on request : for further specifications of this Brandenburg range of standard high voltage equipment, please write for brochure. 





BRANDENBURG 


LIMITED 


139 Sanderstead Road, South Croydon, Surrey. SANderstead 3555/6 


Export enquiries to: Applied Research (Instruments) Ltd. Emefco House, Reigate, Surrey, England 
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il 


“Q” and “A” of 
Data Logging 











6M Howtoreceivesimultaneously 
frequent readings from fifteen 


indicating instruments and to present 





the resulting information in a readily 


assimilable manner. 


~ Wy The equipment illustrated was designed and built for Laurence-Scott & Electromotors 
Ltd. and will interrogate simultaneously fifteen shaft position digitisers, transferring 

that information to a bank of storage relays. Each channel is then decoded in turn and the 

readings emerge in typewritten tabular form. 

This is only one of several equipments of a similar type which has been designed and built 

by Gresham Lion Electronics Ltd. 











What IS a NANOSCOPE? 


NANOSCOPE is the registered name of an auxiliary unit 
(developed at the A.E.R.E., Harwell) which enables a 
normal, D.C. coupled oscilloscope having a bandwidth 
not exceeding 50 kc/s to display millimicrosecond 
phenomena. May we send you the Nanoscope leaflet? 


PA ey Sr a* ws, 
vr.) 3, ey ee “: 
" ein 4 4% 
° >. » . u . 4 
| — ve say od } a vy a 
™ ad ee TY ot | 


GRESHAM LION ELECTRONICS LTD 


TWICKENHAM ROAD 


HANWORTH MIDDX 
Telephone Feltham 2271 


re 
al 
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The Firth Cleveland Vibrating Probe Level Control gives you instant detection and accurate control of the 
level of low density granular materials. It is completely reliable, since it incorporates no moving parts and 
employs a printed circuit control unit which may be situated up to 300 ft. from the storage vessel, hopper etc. 
The system may be coupled to any type of emptying or filling equipment and will operate equally with 
pressurized or non-pressurized tanks of any shape or size. 

Both units are of extremely robust construction and completely weather-proof. No adjustments are necessary 
on installation, maintenance is negligible, and the system is backed by nationwide service facilities. Full 
technical information is yours for the asking, or we will arrange for one of our engineers to call and talk 
over details with you. 








HiGH LEVEL WARNING 
AND CONTROL — one of 
| the many applications 


of the system. 
Oo 
Oo 


AMPLIFIER . 
AND LAMP 

2 MAINS 
ANNUNCIATOR SUPPLY 


[KCl] VIBRATING PROBE LEVEL CONTROL SYSTEM 


Firth Cleveland Instruments Ltd., 7 Cleveland Row, London, S.W.1 Tel: WHitehali 3100 A MEMBER OF THE FIRTH CLEVELAND GROUP FO) 








Cre 416 
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the ULTIMATE in radio 
ae Me 


OVER 200 
TYPES AVAILABLE! 





RANSRADIO i.rp 


138A CROMWELL ROAD LONDON SW7 Telephone: FREmantie 4421 (P.B.X.) 


To: 
TRANSRADIO LTD 138A CROMWELL ROAD 


Please send Connector Catalogue to: 


NAME OF COMPANY 


ADDRESS 
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YK c0-ax cables 
Airflex cables 
RG cables 
Minicables 


XK ULTRA LOW 


CAPACITANCE & ATTENUATION 


58 STOCK TYPES <4)? 
for your per feat 
standard or special 


applications 


RANSRADIO up 


138A CROMWELL ROAD LONDON SW7 Telephone: FREmantle 4421 (P.B.X.) 





To: 
TRANSRADIO LTD 138A CROMWELL ROAD LONDON SW7 
Please send Cable Catalogue to: 


NAME OF COMPANY 


ADDRESS 
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AP RUANS YAW) ; if wD, 
STAND 452 
| GALLERY 
GRAND HALLg 

















| OLYMPIA LONDON | 
30 May—2 June, 1961 








Tuesday, Thursday, Friday, 10.00 a.m.-6.00 p.m. 
Wednesday, 10.00 a.m.-9.00 p.m. 




















RADIO AND ELECTRONIC COMPONENT SHOW 


* WE SHALL BE PLEASED TO SEE YOU * 
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ewlett-Packard 


Microwave measuring equipment 


Hewlett-Packard, internationally-known electronic test in- 
strument manufacturer, offers a complete line of micro- 
wave measuring equipment. 

A few of many -hp- microwave measuring instruments are 
shown here. 


-hp- 430 C Microwave Power Meter 
gives instantaneous, automatic power 
readings direct in dbm and mW; usefull 
at all frequencies for which there are 
bolometer mounts. 

Range 0.02 to 10 mW. 

Price £ 99 


-hp- 415 B Standing Wave Indicator 

for all slotted waveguide and coaxial 
sections. Reads in SWR or db; operates 
at any one frequency 315 to 2020 cps. 
0.1 “V sensitivity full scale, 60 db atten- 
uator. 

Price £ 79 


-hp- 532A Waveguide Frequency Meters, 
wide band, direct reading, no interpola- 
tion or charts. Transmits almost full power 
at resonance; choke plunger tuning elimi- 
nates sliding contact. For H, X, P, K, R 
bands, 7.05 to 40.0 KMC. 

Price £ 61 to £ 113 


Many world-famous Hewlett-Packard laboratory instruments 
are now made in the new Hewlett-Packard GmbH plant at 
Béblingen, near Stuttgart. Here quality engineering and 
lastest manufacturing techniques bring you instruments of 
exceptional performance at moderate price. 


-hp- 382 A Precision Attenuators 

are direct reading, have one-control tun- 
ing and high power handling capacity. 
Attenuation 0 to 50 db full range, inde- 
pendent of frequency. For all bands, 3.95 
to 40.0 KMC. 

Price £ 113 to 2 205 


-hp- 752 Multi-Hole Couplers, 
precision couplers available with cou- 
pling factors of!3, 10 and 20 db, direc- 
tivity better than 40 db, coupling variation 
not over + 0.5 db. 
Coupling accuracy + 0.4 db, 
except highest ranges. For 
all bands 2.6 to 40.0 KMC. 
Price £ 41 to £ 154 


-hp- 487 B Thermistor Mounts, 

no tuning, SWR 1.5 maximum, except 
highest bands; maximum power 10 mW. 
Each unit covers full frequency range of 
its waveguide; virtually no thermistor burn- 
out due with high temperature coefficient 
thermistors. For all bands 3.95 through 
40.0 KMC. 

Price £ 31 to 2 93 


-hp- 477 B Coaxial Thermistor Mount 

for frequency range 10 MC to 10 KMC. 
SWR less than 1.5. Thermistor element is 
200 ohm negative. No tuning, not suscep- 
tible to burnout. 

Price £ 31 

(includes thermistor) 


Prices delivered U.K. exclusive of duty where payable. 
Continuous progress in design may affect the above 
specifications which are therefore subject to change 
without notice. For information, technical sales and engi- 
neering help, or a demonstration please write or call 


Hewlett-Packard S.A. 


Geneva (Switzerland) 


Rue du Vieux-Billard 1, Tel. (022) 26 43 36 


Exclusive Distributor for United Kingdom: 
LIVINGSTON LABORATORIES LTD. 
31 CAMDEN ROAD, LONDON, N.W.I 


Telephone: GULliver 850! (10 lines) 


HPSA -2- 412 
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Transistorized 
UNIVERSAL 
COUNTER 


TIMER 


Frequency Measurement 
Random Counting 
Frequency Division 
Time Measurement 


Frequency Standard 


CINTEL 


counter timer re Te 


#& 8% 86 SE FE SB 


This fully transistorized portable equipment pro- 
vides for a wide range of time and frequency 
measurement as well as facilities for counting, 
frequency division and the provision of standard 
frequencies. The facilities available are briefly listed 
below: 


TIME/UNIT EVENT (1 LINE): For the measurement 
of the time interval between two occurrences in a 
continuously varying electrical function in the 
range 3usec to 1sec. The time for 1, 10 or 100 
such events can be measured. 


TIME/UNIT EVENT (2 LINE): For time measurement 
in range 1usec to 2777hrs. of any interval defined 
by a positive or negative going pulse in any 
combination. 


EVENTS/UNIT TIME: For frequency measurement 
in range 30c/s to 1Mc/s over period of 0-001, 0-01, 
0-1, 1 or 10secs. Crystal accuracy +2 parts in 
10°/week. For mains or 12Vd.c. operation. 


Full technical specification available on request. 


RANK CINTEL LIMITED 
WORSLEY BRIDGE ROAD - LONDON - SE26 


instruments HITHER GREEN 4600 
division 


Sales and Servicing Agents: Atkins, Robertson & Whiteford Ltd. Industrial Estate, Thornliebank, Glasgow ; 


McKellen Automation Ltd., 122 Seymour Grove, Old Trafford, Manchester, 16; Hawnt & Co. Led., 112/114 Pritchett Street, Birmingham, 6. 
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TMC have a bumper crop of capacitors — each available in a full range of 
working voltages and capacitance values. Top quality precision types to 
meet exacting requirements . . . general purpose types, ideal for the job 
where the equipment is less spectacular. Whatever your capacitor require- 

See TMC on STAND 304 ped hing sep tdi . 
ment — TMC can supply it. 

RADIO AND ELECTRONIC VIC Capacitors are playing their part in 

COMPONENTS EXHIBITION - esr ppc I 
RADIO AND TV E "MENT + ELECTRONIC EQUIPMENT + COMPUTERS 
TELECOMMUNICATIONTY - FILTERS + RADAR - PULSE FORMING NETWORKS 
INTERFERENCE SUPPRESSION . POWER FACTOR CORRECTION 

ENERGY STORAGE 


% Capacitance Tolerance from 0.1%. Working voltages up to 300 kV. 


40/668 CAPACITORS 


TELEPHONE MANUFACTURING COMPANY LIMITED 
Components Division, Sevenoaks Way, St. Mary Cray, Orpington, Kent. 
Telephone: Orpington 26611 


- 
A MEMBER OF THE ( (a GROUP OF COMPANIES 
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WIMSHURST 
Influence Machine 


During the years 1878-1888 Mr. James Wimshurst 
contributed considerably to the science of physics 
by designing and constructing a number of High 
Voltage Generators of the type shown in the 
illustration. 





1961 


HURSANT 
ELECTRONICS MODELS: 


100A 
1SOA 


are proud to announce their new range of 
regulated high voltage supplies which are of 
equal interest to the physicist and research 
engineer of today. 


Model 30B 0-30KV —2MA’S £185 
Model SOA 0-SOKV —IMA £240 
Model 100A 0-I100KV —700uA’S £340 
Model ISOA 0-I50KV—S00uA’S £450 


All models listed have continuously variable 
and reversible polarity output, and are fitted 
with kilovoltmeters, current meters, and 
overload trips as standard. 


Small Physical Size. 


Robust construction, low ripple and good 
regulation are also features of these supplies 
which are offered at the prices shown above. 


A leaflet giving further details is available on request 


13-14 The Mali Ealing W.5. 





El EC TR ONICS l TD / Telephone: EALing 7176 
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Workshop angle 
and D.O. viewpoint 




























Now that machining costs are so high, the 
legibility of working drawings has become of 
supreme importance. ILFORD Azoflex 
photoprinting papers give maximum legibility 
combined with speed of production and long life 
in normal storage and use. That is the workshop 
angle combined with the viewpoints of the 
drawing stores and D.O. 


More specifically, the D.O. is interested in the 
Azoflex dyeline process because no ducting or 
darkrooms are necessary ; the process is dry, there 
are no fumes or excessive heat generated. 


An economical and time-saving feature is that the 
correctness of exposure/machine speed can be 
gauged and adjusted immediately, even in the 
largest Azoflex models, because the Azoflex copy 
emerges fully processed in seconds and within 
view and easy reach of the operator. 
Inexperienced staff quickly grasp the simple 
details of Azoflex machine operation. 


ne, a Photograph by courtesy of Duraglass Limited 





Your company might benefit. . 

Many business and industrial concerns find that it pays 
to hire certain AZOFLEX machines — rather than buy 
them outright. Enquiries will be treated with the utmost 
discretion, and will not commit you in any way. 


Tea Izoflex 


Photoprinting Papers and Machines 








ILFORD LIMITED * INDUSTRIAL SALES DEPARTMENT AZ22G - ILFORD + ESSEX 
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No darkroom 
or 
developers. 





Positive records 
available 
60 seconds 
after exposure. 





Body designed to 
accept the new J.L.T. 
quick fix, quick 
focus Hoods. 














Timed Shutter 
with speeds from 
I to 1/125 second. 








f/3-5 lens with 
iris diaphragm in 
helical focusing 

mount. 





the NEW 60-second 


OSCILLOSCOPE CAMERA 
Series 410 


Improved design and performance at the same price as the 
Series 400, which is now discontinued. 
Uses standard Polaroid roll films Types 44 and 47 
producing positive prints, and Type 46L producing 
transparencies. These films are available ex stock. 


Can be used with all general purpose Oscilloscopes. 








J, LANGHAM THOMPSON LTD. ALT 


BUSHEY HEATH - HERTFORDSHIRE - ENGLAND GROUP 
Telephone: Bushey Heath 2411 (6 lines) | Grams & Cables: “Tommy Watford” c3 
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When you chovsean a #7. € 


VISIT STAND 159 AT THE 
RECMF EXHIBITION, OLYMPIA 
MAY 30th—JUNE 2nd 


what awodertul choice U4 6... 


Your choice includes— 


@® 5 types of Rak—Cubicle (CR), Enclosed (ER), Induced Vent (IV), Forced Vent (FV) and Totally 
Enclosed (TE). 


@ 4 heights in each type—4, 5, 6 and 7 feet. 


@ 4 plan sizes to each height in all types—19” x 19”, 19” x 24”, 22” x 19”, and 22” x 24”. 
@ 10 alternative panel mounting arrangements for all CR, ER and IV Raks, 5 for all FV Raks and 
11 for all TE Raks. 


3 alternative arrangements for shortened rear doors on all 5, 6 and 7 foot Raks. 


And that is not all—there are many other optional variations 
such as—}” UNF or 6 MM Captive Nuts in place of the standard 
O BA.,—Castors or Lifting Eyes—Semi-sealing if desired (this is 
standard on FV Raks)—special colours to order. 


14,/8,¢4.49,4 THE TOP QUALITY RAK—AT ROCK BOTTOM PRICES 


Alfred Imhof Ltd., Dept. Fs. Ashley Works, Cowley Mill Road, Uxbridge, Middlesex. Uxbridge 37123. 
Telex: 24177 Telegrams: IMCASE - UXBRIDGE - TELEX. 


IMHOFS AGENTS OVERSEAS 
Algeria: £.G.E.£., Paris (19) Finland: Oy Scienta Ab. Helsinki Morocco: £.G.E.E., Paris (19 Sweden: Electroniund AB, Malmo | 
Australia: Aladdin industries (Pty) Ltd., France: £.G.E.E., Paris (19) New Zealand: |marex (!960) Ltd., Switzerland: Walter Blum, Zurich 2/39 
Stanmore NSW Germany: Sunvic Regler GMBH Auckland C3 Tunisia: E.G.E.E., Paris (19) 
Belgium: Rogelec, Ghent Solengen—Ohligs Norway: Birger Christensen, Oslo U.S.A.: Bud Radio Inc, 
Canada: Measurement Engineering Ltd, Holland: |. Th. van Reijsen, Delft Portugal: Projectos e Construgoes Lda, Cleveland 3, Ohio 
Arnprior lealy: Stuart Culley, Milan Lisbon British Guiana: 

yprus: L. Piandjian, Nicosia Mexico: Aluminio Arquitectonico, South Africa: Switchcraft (Pty) Limited, Davsons Caribbean Agencies Ltd, 
Denmark :T age Schouboe, CopenhagenN = 5S.A., Mexico D.F Johannesburg Georgetown 
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GenJerCel 


MINIATURE 
SELENIUM RS 
RECTIFIERS @ 


FOR 


TELECOMMUNICATIONS EQUIPMENT 


INDUSTRIAL ELECTRONICS . & | 
DATA PROCESSING EQUIPMENT %y A 


Half-wave | Doubler, Bridge 
Rectifiers | and Push-pull 


K TYPES | Rectifiers 
M TYPES | L TYPES 
N TYPES | P TYPES 
Q TYPES | R TYPES 
MQ TYPES 
T TYPES 





Send for Advance Information Sheets and 


Application Reports :- AN Fas 


Standard Telephones and Cables Limited 
=/ Registered Office: Connaught House, Aldwych, London W.C.2 


RECTIFIER DIVISION: EDINBURGH WAY - HARLOW . ESSEX 
61/1SMF 
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Nn 


for wear resistance .... 


Electrodeposited chromium (hard chromium) with a hardness of 
800 — 1000 V.P.N. and reasonable corrosion 


resistance is extensively used for wear resistance. 


Electrodeposited tin nickel alloy is more corrosion resistant than hard 
chromium but is somewhat softer, being about 
700 V.P.N. The high throwing power of the 
solution enables complex shapes to be coated 


evenly. 


When design is complete and production starts or when your plating plant is 
overloaded or for further advice 


consult 


IONIC IONIC PLATING CO. LTD., GROVE STREET, BIRMINGHAM, [8 
Telephone : SMETHWICK 2951 (6 lines) 


THE METAL FINISHING DIVISION OF THE G.K.N. GROUP OF COMPANIES 
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* 


cermanium 
diodes 


Application 








General purpose; high 
Chosen by leading British efficiency at high 


impedance levels 
radio and TV manufacturers ; 
Audio and video series 
for all signal frequency interference limiter 








applications. Audio and video shunt 
interference limiter 





t Detector up to 50 Mc/s; 
A comprehensive range of suitable for transistor 


germanium diodes incorporating circuits GD11 
STC’s many years experience Audio and video detector GD12 

in the design and manufacture 
of components for Radio 

and TV equipment. 








Video detector at 36 Mc/s GD13 
A.F.C. in F.M. receivers GD14 








F.M. Ratio detector GD15 
(matched pair) 





Audio detector at 38 Mc/s GD16 


Circuit designers are invited to apply 
for full technical data to :— 








Stondard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London W.C.2 
TRANSISTOR DIVISION: FOOTSCRAY + SIDCUP + KENT 





61/10MK 
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The excellent electromagnetic properties of 


-Puretfee 


These special irons are suitable for 
a wide range of applications in 
electrical and electronic equipment. 
After rough machining, followed by pope 
annealing treatment, toroidal ring fs Oks | | 
Be 
| 4 
Pe 


ELECTROMAGNETIC CURVE 


Tryy Te 
testing results exceeding the minima i 
shown on the table, can be expected. - 
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30 40 50 60 70 80 90 100 110 120 130 


OERSTEDS 
—* TYPICAL PROPERTIES --~=-MINIMUM PROPERTIES 


FIELD STRENGTH (H) FLUX DENSITY (B) 
Ampere Turns/cm Oersteds Gauss (minimum) 


35 4°40 11,400 
6°0 7°54 13,400 
10°0 12°57 14,600 
20°0 25°13 15,800 
50°0 62°83 17,000 
80°0 100°53 17,600 


REMANENCE 9.000 (minimum) 


























MIDLAND AND LOWMOOR IRON & STEEL CO. LTD. 


Rotherham. Telephone: Rotherham 4211/2/3 
MI 16 
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ST 
toroidal 
inductors 








for 
interference 


suppression 





a ee eS 
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With the greater use of radio and navigational over 40 years experience in the development of 
aids on ships and aircraft, it is increasingly high grade magnetic materials, now introduce a 
important to suppress interference likely to arise selection of the many types of inductors which 
from other electrical equipment which is also an are manufactured for industrial, marine and 
inseparable part of modern transport. STC with aeronautical applications. 


DIMENSIONS, WEIGHTS & RATINGS ELECTRICAL CHARACTERISTICS OF SELECTED TYPES 


SIZE DIMENSIONS AND WEIGHTS INDUCTANCE & CURRENT RATING inductance at Current Rating Volt Drop at Self Resonating 0.¢. 
Outer Inner Length Weight CODE Cont. rated Cont. Rated Frequency Resis. 
CODE diam.cm | Diam. cm = ~ (ul and Amp. AC or DC) current (ut) ‘Coat. (a) | ae Current (V) — (Me/s) (a) 





C1 1.3 0.7 0.52 3.5 from 250 ..H (4 amp) to 750 .H (0.1 amp) CIAB 300 «= 300 4. 10% F 07 6.25 5.0 6.5 
C2 2.3 1.2 0.8 14.5 100 ,, (14,, )t01000,, ( + amp) C288 500 «(500 ,, ,, d 1.2 0.30 3.2 03 
C3 2.95 14 1.3 50 100 ,, (24,, ) to 1000,, ( + amp) €38C1000 0 ‘ 2.2 0.45 1.2 6.3 
C4 41 24 | 13 85 r» 100 ,, @ ,, ) t02000,, (14 amp) C4CC1000 «1000,, ,, | 3.5 0.44 0.9 0.22 
co | 48 | 27 | 14 | 130 » 100,, & ,, )te2000,, (2 amp) C5D01000 §=1000,, ,, . | 44 0.54 0.8 0.18 

















Write or telephone for Technical Data Sheets to: 


Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2 
MAGNETIC MATERIALS SALES DEPT: EDINBURGH WAY « HARLOW ~ ESSEX 


COMPONENTS 
GROUP 





60/6MM 


MAY 1961 ELECTRONIC ENGINEERING 





EB 33 O78 for further details 


BACKED BY 
MORE RESEARCH 
THAN ANY 
OTHER SCREW 


Unbrako are making screws now to take strains which 
are still drawing board calculations. That is what 


Unbrako’s genuine five-year lead means to industry. 


Designers can plan ahead in the confidence that the 
fasteners they will need already exist. 

Unbrako screws are made by men with a wealth of 
experience, applying the skills of today to the needs 


of tomorrow, backed by intensive research and the 


most advanced production techniques. 


Fastenings are no problem nowadays. Unbrako indivi- 
dual product leaflets, gladly sent free on request, will 
meet most of your needs. For special projects, the 


Unbrako man will be happy to call. 


UNBRAEKO 


UNBRAKO SOCKET SCREW COMPANY LIMITED, COVENTRY. 
UNBRAKO SCHRAUBEN Gm. b. 
LTD. SHEFFIELD, ENGLAND 


UNBRAKO STEEL CO. 


ELECTRONIC ENGINEERING 


H. KOBLENZ 
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TELE: 89471 


FOR WIDE BAND, 
LOW NOISE 
LOW DISTORTION AMPLIFIERS 





Type 


Figure of 
Merit 
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HIGH SLOPE 
FRAME GRID VALVES 





Classification 





3A/167M 


370 


Triode 





5A/170K 


185 


Beam Tetrode 








5A/180M 








180 











Beam Tetrode 








COMPONENTS 
GROUP 





Stondard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London W.C.2 


VALVE DIVISION: 


75 


FOOTSCRAY + SIDCUP - KENT 
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am. % 


Germanium PNP Alloy Type TRANSISTORS 


2826 For Audio Frequency Power Amplification 2SB56 For Audio Frequency Power Amplifier Service 


i 2845 For intermediate Frequency Amplifier Service 2SB189 For Medium Power Output Service 
j 
2852 Converter Service Germanium PNP Alloy Type DRIFT TRANSISTORS 
2SA49 Int diate F Amplifier S$ 
ee ee ee 2SA57_ ~—s For High Frequency Amplifier Service 


28050 Switching Purpose 2SA58 For High Frequency Amplifier Service 


2SA52 Converter Service 2SA59_ For High Frequency Amplifier Service 
2SAS3__—s For intermediate Frequency Amplifier Service 2SA60 For Converter Service 

28826 For Audio Frequency Power Amplification 2SA92_—s For Local Oscillator Service 

2SB47 Low Noise Factor with Audio Frequency Amplifier 2SA93__—s For Mixer Services 


2SB54 For Low Frequency Amplifier Service 2SA175 For High Frequency Amplifier Service 


For complete information, write to 
Soshiba TOKYO SHIBAURA ELECTRIC CO., LTD. 


2, Ginza Nishi 5-chome, Chuo-ku, Tokyo, Japan 
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HUNDRED MILLION MEGOHMMETER 


MEGOHMMETER 


Type IMS 
FOR LAB WORK 


Measurement on capacitors, resistors, and in- 
sulating materials. 

High accuracy and stability. 

Large meter, 6” scale. 


Provisions for measurement on three-terminal 
resistors: built-in leakage current guard, 


Measuring Range: 
| Megohm to 100 Million Megohms. 


Scale calibrated from | Megohm to 100 Megohms, 
range multipliers: x 1, x 10,—x 10°, 


Test Voltages: 

50, 100, 200, 500, and 1000 volts d.c. 

The complete measuring range can be used at all 
test voltages. 


Accuracy: 
2% to 5%, depending on the range. 


FOR PRODUCTION 


1000 to 2000 components tested per hour 
when Megohmmeter is used with the newelectrically 
operated Component Jig, type KPHIMI. 

The clamping mechanism is actuated by the function 
selector of the Megohmmeter. Adjustable spacing 
between terminal posts. 

Automatic charging of capacitors permits fast 
operation, even on large units. 

Provisions for fast go-no-go measurements. 
Capacitors automatically discharged before release. 


aor mereereeee ee ste —~ o J 


Write for complete information 


Radiometer offers a line of 50 

different instruments 

AF-OSCILLATORS 

R-L-C BRIDGES 

SIGNAL GENERATORS 72 Emdrupve]j, Copenhagen NV, Denmark 
VACUUM.-TUBE VOLTMETERS 

WAVE ANALYSERS : ne 

maCTROCnNiCAl Represented in Great Britain by 

——— Livingston Laboratories Ltd. 


Retcar Street, London, N.19 
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ONLY three 
terminal 
measurement 
determines 


transistor 


parameters with 


COMPLETE 
ACCURACY 


ONLY THE WAYNE KERR 
R.F. BRIDGE B601, 

WITH ITS ADAPTORS, 
EMPLOYS THIS METHOD 


A multi-ratio instrument for the measure- 
ment of resistance, capacitance and in- 
ductance over a wide range of values, the 
R.F. Bridge B601 uses the ratio-arm 
technique and provides the three terminal 
measuring facility that is essential to 
obtaining true parameters. In addition, 
the bridge will measure complex im- 
pedances, balanced or unbalanced, or 
balanced with the centre point earthed and 
is extremely suitable for measuring the 
impedances of the very low Q elements. 

It is fitted with coaxial leads for connexion 
to a separate source and detector, and has 
the advantage of extreme stability due to 
the fact that the impedance looking back 
into the terminals and the impedance to 
ground at balance are both exceedingly low. 


SPECIAL ADAPTORS. To enable parameter 
plotting for the widest range of semi- 
conductors, a special] series of adaptors has 
been developed. The form of these Q601 
Series adaptors is such that they introduce 
minimum error (usually less than 1%) over 
the full frequency range of the bridge. 


SEE THIS SYSTEM 
DEMONSTRATED 
ON OUR STAND No. 38 
AT THE INTERNATIONAL 
TRANSISTOR EXHIBITION 


ELECTRONIC ENGINEERING 


THE WAYNE KERR LABORATORIES LTD., ROEBUCK ROAD, CHESSINGTON, 


TELEPHONE: LOWER HOOK 1131 


78 
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SURREY 
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NEWMARKET TRAN RS LTD. 


a member of the PYE group of companies 











Continuous mesh belt conveyor 
furnace alloying germanium 

in the manufacture of 
Newmarket transistors. 
Maximum temperature ; 1000°C, 
14” belt travels at 0—12” 


per minute. 


wd 
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The cost of a specially designed 
furnace is no more than for standard 
plant. Judge for yourself— 

For your next furnace get a quotation 


from Royce. 


IT | 


ROYCE ROYCE ELECTRIC FURNACES LIMITED 


ALBERT DRIVE SHEERWATER « WOKING « SURREY 
Telephone Woking 5401-4 
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IR/A|C/A/L/ announce 
10-Nic/s 
Transistorised 


DIRECT READING DIGITAL 
FREQUENCY METER - COUNTER -TIMER 
TYPE SA 505 








Designed to meet the 
needs of all laboratory 
applications, the SA505 
combines the latest tran- 
sistor techniques in a 
versatile and compact 
instrument. All circuitry 
is arranged on plug-in 
printed boards for reli- 
ability. 

For full technical 
specification write for 
Publication 181 D. 


WITH THESE OUTSTANDING FEATURES (Price £720 ex works) 


Direct frequency measured 0-10 Mc/s. ® Clock pulse source. 

Accurate period and time interval @ Operates remote read-out or digital printer. 
measurement. @ 9” highx 134” wide x 23” deep(25x 35x 59cms.) 
Self-contained Frequency Standard Weight: 30 Ibs. (13-6 kgms.). 

1 part in 10’. 


ene INSTRUMENTS LIMITED 


BRACKNELL - BERKSHIRE - ENGLAND - Tel: Bracknell 941 - Grams/Cables: RACAL BRACKNELL 
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#) 


ICI 
Ys - Vor titi, Roy-V—ye 
COPPER 


ICI vacuum melted and cast copper is now available in commercial Availability 
quantities for high vacuum electronic and electrical equipment, STRIP 


_ « i vide é P I 
such as valves, magnetrons, klystrons. up ta to, wits, cnaeseengeet age 
: and thickness 


NOTE THESE POINTS: SHEET 
.. volatile impurities lower than in O.F.H.C. copper —up to } in. thick, standard range of length 
; ~ d width 
. gas content no more than 1/5 or 1/10 that of O.F.H.C. copper ~~ 
ilies nail etialias ” LACS EXTRUSIONS 
.. electrical conductivity 101-102% I.A.C.S. —up to 4 in. dia. round, 5 in. square or 


. mechanical properties and hardness equal to O.F.H.C. copper 3 in. hexagon 


Full details from your nearest ICI Sales Office 
IMPERIAL CHEMICAL INDUSTRIES LIMITED, LONDON, S.W.1. 


METALS 
ani DIVISION 
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Overseas Sales Organisatio 


scali 
for counting 


Plessey Nucleoni 
Scaler and a Bj 
on plug-in p 
The De 
microseco 
a 2 micros 
negative-ga 
The Bin 
or in cascade 
of less than 20 
Input pulse requirenre 
Write now for full informa 


PLESSEY N 
Weedon Road, Nort 


Plessey international 
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nd computing 


facturing two types of 
of small overall dimens 
eral-purpose applic 
BA) has a resoluti 
quency in excess 
d can be steppe 
ond width. 
nary stages which 
caling rate, these u 
in fact operate at rate 
Are 1 volt negative-going, 60- 
to: 


LEONICS LIM 


mpton Telephone: 


ited, liford, Essex. Tel 


ling Unit—a Decade 
sand areengineered 

ions. 

time of less than 1.5 
250 kc/s. It provides 

by either positive- or 


n be used separately 
have a transfer time 


Approaching 10 Mc/s. 


nanoseconds wide. 


ED 
hampton 4966 
hone: liford 3040 


A PNL 107 


MAY 1961 





EE 33 087 for further details 


i Fy i! L! ELECTROLUMINESGENGE 
A fz @ ¥ moves out of the laboratory 


As far as we are concerned electroluminescence has ceased to be just an 


interesting phenomenon—its use is now a practical reality, which lends itself 
particularly well to data readout applications. For example, all of the characters 
on the left can be selected at will from one P40 PHOSPHOTRON® 

There are no lenses, no lamps, no moving parts—this is a solid state device with 
practically no running costs, plus of course extreme reliability. Further, cost per 
character related to height and variety is considerably cheaper than any other 


available readout device. 


The elements constituting the characters are deposited within 4” of the front 
surface, each occupying the same area, which results in an extremely wide-angle 
viewing, in-line, co-planar display. In the P40 the characters are approximately 
4 high giving a readout at distances of up to 200’. 

The thickness of the device is less than #” which means a vital saving of 
valuable installation space. 


For more personalized digital displays Type P21 (1° characters) is also in 


Production. 
P40 BRIEF ELECTRICAL AND MECHANICAL DATA 
, Maximum operating voltage 250V 
240V 


Norma! operating voltage 


Operating frequency range 50 to 1000 c.p.s. 
Current consumption per element— 
° (Nominal at 240V /50 c.p.s.) 60. As 
(Nominal at 240V /400 c.p.s.) 500.As 
Surface brightness— 
(Nominal at 240V/50 c.p.s.) 1ft.L 
(Nominal at 240V /400 c.p.s.) 8 ft.L 
Maximum length 5.50 in. 13.97 cms. 
Maximum breadth 4.00 in. 10.16 cms. 
Maximum thickness 0.375 in. 0.953 cms. 
*Phosphotrons (Ericsson Trade Mark) are standardised 
components available with green, biue or yellow luminescence. 
For more detailed information please write to 
TECHNICAL SERVICES DEPARTMENT 


ERICSSON TELEPHONES LTD - HEAD OFFICE - 22 LINCOLN’S INN FIELDS - LONDON, WC2 
opis 


MAY 1961 83 ELECTRONIC ENGINEERING 





EE 33 088 for further details 
A wide range of high quality power transistors, 
voltage regulators and rectifiers for such 
diverse applications as guided weapons, 
military and civil aircraft, computers, railway 
modernisation equipment, automobiles, radio 
f] t p wor ( of and television. Continuous research, 
extensive development, and controlled 
mass-production techniques ensure an ever- 


SEM -CONDUGTE RS increasing flow of devices offering maximum 
reliability at minimum cost. 





LUCAS 


Research Development and Manufacture Sales and Technical Applications 


Joseph Lucas Ltd G«E Bradley Limited 


| ELECTRAL HOUSE - NEASDEN LANE - LONDON : N.W.1/0. 
A Subsidiary Company of Joseph Lucas (Industries) Lrd 


ee See 
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PRECISION TUBES 


\ 


Sylvania-Thorn make the largest range of helical PDA 
CRTs in the country - 13 different kinds in all. This means 
that when you requirea precision CRT -Sylvania-Thorn has 
one to meet your precise requirements. All these tubes are 
made to demanding standards of accuracy, and with the 

] 


closest reg 


ard to the instrument maker's needs. Each is 

specially designed for wide band width working and high- 

speed oscillography. Each employs a spiral post deflection 
accelerator, giving exceptionally high deflection 
sensitivities. Nowhere else will you find such a 

* choice - ora choice of such fine tubes. 
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fits everyone's precise requirements 





MAIN TYPES (Typical Operating C 























a 


85 


tter thar 


WRITE FOR FULL DETAILS TO SYLVANIA-THORN COLOUR TELEVISION LABORATORIES LTD - GREAT CAMBRIDGE ROAD - ENFIELD - MIDDLESEX 
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The PATTERN 
of PROGRESS 
POINTS to 


OLVERN 


lite Wound 
POTENTIOMETERS 


The search for greater accuracy is never ending and Col- 
vern have for 30 years led the way in the development of 
Precision and Standard Wire Wound Potentiometers. The 
world’s most extensive range by one manufacturer include 
Standard, Sealed Tropical, Helical and Sine/Cosine Types, 
many with Cam-Correction devices. 

IMustrated is one of such 36 Basic Types. 


TYPE CLR.26/00 Multi-Turn Helical Potentiometer 


Specification 





RATING 0.4 watts per turn 
RESISTANCE RANGE 10Q2—l0KQ per turn 
RESISTANCE TOLERANCE: 

Standard 

Best Practical 1%, 
ABSOLUTE LAW ACCURACY - + 0.25% 


MAX. WORKING VOLTS SPINDLE/TRACK 
EFFECTIVE RESISTANCE ANGLE TOL. 
MAX. STARTING TORQUE 

MIN. ANGLE BETWEEN TAPS 

MAX. GANGED SECTIONS 


Expert advice on your particular probiem from: 


OLVERN Ltd., Spring Gdns., Romford, Essex, England 


Tel: Romford 62222 PBX 
Telegrams and Cables: COLVERN PHONE ROMFORD 


\ (10 turn) 
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A maze of high quality semiconductors, clearly defined in 
the Brush literature now available, which shows the tre- 
mendous range of Brush semiconductor devices. Supported 
by Clevite, Shockley and Intermetali research, Brush offers 
the widest range of semiconductors in this country. Brush 
quality semiconductors are now in quantity production 
providing deliveries to fit your production schedules. 


Write or'’phone to Semiconductor 
Division, Brush Crystal Co. Ltd. 


Outstanding in the Brush diode range are 
the following: 


Zener and power zener 
Rectifiers 


SEMICONDUCTORS *Sub-miniature 


Co-axial glass 
Single end meta! 
Fast switching 
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HY THE - SOUTHAMPTON ‘HANTS: Phone: HYTHE 3031 
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prototypes 


| | | 
| 
Max ‘3 
Relay | Cotl resist- re Op Coil Loading Max. Contact 
ance | Voltage ating 
336 7.250 85 | watt 2 amps 
u15 2,500 48 1.25 watts. 10 amps 
320 9.200 440 S VA 10 amps 
325 y 250 25 watts at Ov. OC 
— ! ‘ 
- 
Max DC 
Relay 'Coil resest- oor Op Corl Loading 
oltage 
: ance 
. 
285 12,500 250 36 watts 6 amps 
(man) 
2400 14,000 240 0.16-4 watts 5 amps 
r 80 milliwatts 
305 40,000 250 to & eaeen 8 amps 
Max OC 
Relay | Col resist- roe Op Corl Loading sy homes 
ance ~~ : € 
100 6,000 440 3-6 VA ie ie ? 
105 | 140.800 250 | 1 5-3 wates — 
St 7.500 440 5-66 YA “. 
136 800 250 | 26-3 3 warts — 
independent 
S9OHS 1.400 M« of contrationg S amps 
supoty 
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PRIORITY is given to all prototype samples to enable engineers to proceed with their designs with the 


minimum of delay. 


MAGNETIC DEVICES LTD 
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EXNING ROAD NEWMARKET ENGLAND Tel: Newmarket 3181-5 Grams: Magnetic Newmarket — 
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for systems engineers MELE UES 


When designing control systems for 


completely reliable operation experienced 


engineers have absolute confidence in 


approaching Magnetic Devices Limited 


for Relays. 
AID & ARB APPROVED 
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Welay Cond resrst Max. Op Cot! Loading Max. Contact 
Voltage Rating 
ance 
. | 
i + + 
536 7.250 as j wate 4 2 amps 
4 
Sens ae 
ae a 
le ‘ ‘ 
y5 2,500 i 48. 125 watts 10 amps 
| | j ‘ 
~~ <A os iL 
A + aoe + “+ 
wel. 5 109 | «(440 | VA 10 amps 
425 2 250 15 watts at 30v OC 
£ | 
« 
— ' ‘ 
Maz OC ; 
be Mas Op Max Contact 
Relty ib resest Voltage Corl Loading Rating 
ance “ 
ais ‘ sles 
285 12.500 250 36 watts 6 amps 
P. (man) 
2400 14,000 240 | 16-4 watts $ amps 
a eee 
ou 
305: | 40.000 56g {OO ET od ames 
to 6 watts 
Boi me 
x 
Man OC , 
- Max Op Max Contact 
felar, Cod resist: Voltage Corl Loading Rating 
ance 
“100 6.000 440 3-6 VA 4 
105 | 106,800 750. |'1.S-3. watts | . '°P™? 
151 7.500 440 5 66VA a j 
156 9.800 250 12.6-3.3wacesy © *2 PP* | 
‘ Independent 
- S96HS 1.460 74 of controlling S amps | 
‘ supply fi. ; 
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AID & ARB APPROVED 


When designing control systems for 


completely reliable operation experienced 


engineers have absolute confidence in 


approaching Magnetic Devices Limited 


for Relays. 
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FERRANTI 


ShtCon 
MESA TRANSISTORS 











w/ TEMPERATURE STABILISED 
4 HIGH FREQUENCY CUT OFF 
~wy RUGGED CONSTRUCTION 
4 LOW SATURATION VOLTAGE 


4 SMALL SPREAD IN CURRENT GAIN 
we VERY LOW LEAKAGE CURRENTS 











JEDEC 30 
T.0. 5 
Actual 

Size 





MAXIMUM RATINGS AT 25°C AMBIENT CHARACTERISTICS. 
ZT20 ZT21 ZT22 Test Conditions 





ZT20 | ZT21 | ZT22 ZT23 





Collector Base Voltage 20 20 45 45 volts Common Emitter 20—42 | 38—90 | 18—42 | 38—82 Veg=6V 
D.C. Current gain h,, =10mA 
Collector Emitter Voltage 20 20 45 45 volts 
Common Emitter 30« 60» 30« 4Se 6V 
A.C. Current gain h,, 1mA 











Emitter Base Voltage 4 4 4 | 4 volts 





Collector Current 50 50 50 | SomA Collector Saturation ’ =10mA 
Voltage. Max. V_, sat. o5v OSV tov rv =2mA 
Total Dissipation 250 250 250 mW 
Gain Bandwidth Sévncie Vep=6V 
Product. Min. f, ; I, =10mA 




















Temp. Range operating al 
and storage 55 to +150°C 
































* Typical values 


FERRANTI offer a wide range of SILICON SEMICONDUCTOR DEVICES 


For further information write to: 
FERRANTI LTD «i GEM MILL . CHADDERTON . OLDHAM ? LANCS Telephone: MAin 6661 


London Office: Telephone: TEMpie Bar 6666 FE2N1/2 
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Monitor 1000 
“readings” every 
50 seconds with 


GYE) Data 


An accuracy of +0.2% and a high 
scanning speed make Blackburn Elec- 
tronics data logging equipment ideal 
for monitoring plant performance. 
Modular construction of the basic 
units enables instrument engineers to 
install exactly the right size of this in- 
expensive and compact equipment 
necessary for data monitoring and re- 
cording on their plant. Extension of 
the logger by multiples of 10 channels 
is possible as required. 














Input signals derived from thermo- 
couples and other transducers can be 
scanned at a rate up to 20 points a 
second. Departure of any parameter 
from predetermined limits is indicated 
by visual and audible alarms and a 
parameter record. Alarm conditions 
may also open relay contacts for pro- 
cess control applications. The output 
data may be obtained on a strip or 
page printer or paper tape punch and 
will comprise parameter identification, 
value and time, etc. 


A complete log of all parameters may 
be obtained on demand and at regular 
intervals. 





BLACKBURN ELECTRONICS LIMITED 


Brough, Yorkshire Telephone: Brough 121 


Member Company of Hawker Siddeley Aviation 
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The “* Safetymaster”’ 
Power Tool made 
by Wolf Electric Tools 
Ltd, is an excellent 
example of modern 
power tool design. 
The cutaway section 
indicates the ingenious 
application of Beetle 7 
DMC material for \ 
double insulation % 


X 
BEETLE 


B.1.P. CHEMICALS LIMITED 
London Office: Haymarket 


FLECTRONIC ENGINEERING 
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Beetle Polyester DMC is used by Wolf Electric 
Tools Ltd., for double insulating their Safetymaster 
Power Tool. Mouldings in Beetle DMC have excellent 
anti-track and electrical insulation properties, good 
heat resistance and high mechanical strength. 
Compatibility with metals and dimensional stability are 
really outstanding for thermosetting materials. Beetle DMC 
is a fast-curing compound and can be moulded in 
conventional compression and transfer presses. 


Write for technical leaflets. 


dough moulding Compound 


Oldbury, Birmingham. ‘Phone BROadweli 2061 Telex: 33-347 GP) 
House, 28 Haymarket, S.W.1. "Phone TRAfaigar 3121 
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| Plessey 


TELECOMMUNICATIONS 
‘direct the attack’ 


Piessey is everywhere you'll find. . .in the Armoured Brigades of the British 
Army, for example, where Plessey VHF transmitters, receivers and power 
packs are standard equipment, and in similar formations in the Australian, 
New Zealand, South African; Canadian and other NATO Armies. 


Plessey military VHF communication is completely dependable and remarkably flexible 
giving instant, no-netting selection of desired frequency and exceptional clarity to assure 
voice recognition and authenticity under the most exacting conditions of mobile warfare. 

Behind this achievement are the extensive prototype and quality manufacturing resources 
of the Telecommunications Division, inspired by the work of a unique research and develop- 
ment organisation. The Company recognises the need to segregate advanced thinking from the 
hustle and distraction of the factory. Accordingly, in addition to the Group Research 
Laboratories at Roke Manor and other specialised research centres already existing in the 
U.K., extremely well equipped laboratories have recently been established at West Leigh for 
advanced telecommunications studies. 

In these establishments, the next generation of telecommunications equipment is already 
taking shape. 

In close support at all times are the complete resources of the Plessey Group of Companies 
which include unrivalled tool making and machining facilities, a full range of environmental 
testing and production laboratories, and the service of the materials laboratories at Caswell. 


TELECOMMUNICATIONS DIVISION - ELECTRONIC & EQUIPMENT GROUP 
THE PLESSEY COMPANY LIMITED - ILFORD - ESSEX - Telephone: ILFORD 3040 
Overseas Sales Organisation - Plessey International Limited - Ilford - Essex - England 
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> 
‘LOVOLT’ ~ : ‘HEAVY DUTY’ 
ISOLATING . . ISOLATING 
TRANSFORMER TRANSFORMER 
2 x 12V, 4 Amp at V 200 /250V, 200 Watt at 
47/6 


An essential guard against electric shock hazards, our 
Bench Isolating Transformers are carefully constructed 
and tested to ensure a very high degree of safety. 
The ‘Heavy Duty’’ Type supplies equipment under 
test, whilst the ‘“‘Lovolt’’ Type is recommended for 
Soldering Irons and Bench Lamps. 


Radiospares Ltd. 


G +8 MAPLE STREET- LONDON - WI - ENGLAND 
Re Telephone: EUSton 7232-9 


TELEGRAMS: RADOSPERES, WESDO, LONDON CABLES: RADOSPERES, LONDON 
ee NRA ARNE ANNE SSRN ARLE LONER RENTETG RL I eR NAR AAR ERE EME ea i Itt 
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The use of Conflex conduit system on the Telecine 
at the B.B.C.’s new Television 


Routing Desk 
Centre is a completely new approach to install- 
Many troubles that are 


eben tenrt 


peeeeatepenbeet 


ations of this nature. 
normally associated with circuit changing are 


completely eliminated. 


Advantages of this system are many and include: 
no metal fatigue. 


e A high degree of flexibility 

e Terminations that fit British and American 
connecters, junction boxes, etc. 

e Eliminations of special cable lays, moulded 
harnesses and problems involved in encap- 
sulation. 

e Simplification of connecter wiring and easier 
conductor changes. 

e In situ assembly that requires no special tools 
e Provision for double-screening on R.F. 
circuits. 


%* Write for full technical details. 


ELECTRONIC ENGINEERING 


MAY 1961 





EE 33 100 for further details 


ALLSCOTT 
7 VCE 206 








a new high resolution panoramic 








James Scott fi. Ltd 


68 Brockville Street, 
Carntyne Industrial Estate, Glasgow, E2 


Telephone: Shettieston 4206/9 
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It is the only Potentiometer Recorder that is both 
portable and self-contained weighing just 17 Ibs., 
INSTRUMENT INSPIRATION (53" x 6?" x 94”) complete with its own INTERNAL DRY 
BATTERY POWER SUPPLY. For sheer versatility there 
is nothing to approach this new MERVYN instrument. 


THE COMPLETELY BATTERY OPERATED PORTABLE 
POTENTIOMETER RECORDER 
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Waveform 
monitoring 
at extremely low cost 
with the 16P351 


Waveform monitoring facilities can be incorporated 
in both existing equipment and new designs with 
extreme ease and economy with the ETEL cathode 
ray tube 1CP31. 

The tube itself is inexpensive and the associated 
circuitry required is very simple. The operating 
voltage is so low that in most equipment suitable 

Octet alee connection to existing H.T. lines is all that is 
required. Beam focusing is fully automatic and 
auto-bias is quite adequate. 


Space problems rarely occur when the 1CP31 is 
Abridged data veggies . 


Vh 6.3V 


wh—k(pk) max. + 250V 5 : : 
Va;+a; min. =350V If you are interested in the simplest and most 


95 é 
mm/V 
a3 to the address below for further details. 


110 m/v 
&3 


used —it is only 4} inches long and fits a normal B8G 
loctal socket. 


Sx economical method of waveform monitoring write 


Sy 


(The green medium persistence phosphor used by E.T.L. has now been designated P31. 
it is exactly the same as the E.T.L. phosphor previously called P1.) 





ETEL 











Cathode 
Ray Tubes 


ELECTRONIC TUBES 
LIMITED 
Kingsmead Works 
High Wycombe + Bucks 
Telephone High Wycombe 2020 
ETLa21 
ELECTRONIC ENGINEERING MAY 1961 
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Observing the fusion chara-teristics of a sample of coal ash 
in a Johnson Matthey controlled-atmosphere platinum-wound 
furnace. 


The Johnson Matthey Model K platinum-wound resistance 
furnaces for use at temperatures up to 1500°C combine maximum 
reliability with long working life and convenience of operation 
and maintenance. They are ideal for many purposes in research 
and industry. 

Technical data sheets describing JMC furnaces for use at 
temperatures up to 1775°C are available on request. 


Information about the properties of the platinum metals and 


Johnson zy ly Matthey their industrial applications is always freely available, 


MAY 


1961 


JOHNSON, MATTHEY & €@.», LIMITED 
73-83 HATTON GARDEN, LONDON, —E.c.| 
Telephone: Holborn 6989 
Vittoria Street, Birmingham |. Telephone: Central 8004 75-79 Eyre Street, Sheffield 1. Telephone: 29212 
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INTERNATIONAL FRAME SIZE 


Os, 10, 11,15 & 18 


A.C. MOTOR TACHOGENERATORS 


provide the required stability for 

servo systems. They are miniature pre- 

cision built components of low inertia, low 

residual and good linearity. They con- 

A.C. Servo Motor form to Ministry of Aviation Specifica- 


tions which require normal operation for 


Tachogenerato rs 1000 hours at altitudes up to 60,000 feet. 
Performance Data 


SIZE 08 
Std. 2-phase 26v. 400 c/s motor 
Tachogenerator output 0.3v/1000 r.p.m. 
Residual 20 m.V. max., Linearity +0.5% 
Weight 82 grams. 





SIZE 10 
Std. 2-phase 26v. 400 c/s motor. 
Tachogenerator output 0.4v/1000 r.p.m. 
Residual 20 m.V. max., Linearity +0.5% 
Weight 108 grams. 





SIZE 11 
Std. 2-phase 115v. 400 c/s motor. 
Tachogenerator output 0.5v/1000 r.p.m. 
Residual 20 m.V. max., Linearity +0.5% 
Weight 200 grams. 





SIZE 11 (with temperature compensation) 
Std. 2-phase 115v. 400 c/s motor. 
Tachogenerator output 0.45v/1000 r.p.m. 
+3.5% over —40°C to +100°C or | 
+1.5% over —20°C to + 80°C. | 
Residual 20 m.V. max., Linearity +0.5% 
Weight 235 grams. 


Body Temp. 





SIZE 15 
Std. 2-phase 115v. 400 c/s motor 
Tachogenerator output 3.0v/1000 r.p.m. 
Residual 20 m.V. max., Linearity +0.2% 
Weight 400 grams. 





SIZE 18 
Std. 2-phase 115v. 400 c/s 18 A.C. motor. 
Tachogenerator output identical to 
standard size 15 Tachogenerator. 
Weight 550 grams. 





All units can be supplied with plain shaft 
or with a pinion shaft permitting in-line 
reduction gearheads to be directly coupled, 
reductions up to 1,000,000:1 can be obtained 
with 2 gearheads in cascade. 


* Write or phone for literature dealing with 
our expanding range of Control Equipment. 


(Control Equipment) Limited 
Vactric House, Sloane Street, London, S.W.1. Telephone BELgravia 7000 


NRP $007 
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If you have a test or measurement problem contact the SIMA 


Instrument Enquiry Service, where technical information and advice 


is freely available from over 180 British manufacturers of 


scientific and industrial measuring instruments. 


ask OIM 


INSTRUMENT CENTRE 


20 QUEEN ANNE STREET, LONDON, W.1 


Technical Enquiries — IMPerial 6000 
Secretarial Enquiries — LANgham 4251 


SCIENTIFIC INSTRUMENT MANUFACTURERS’ ASSOCIATION OF GREAT BRITAIN 


Space donated by member: COSSOR INSTRUMENTS LIMITED 
Highbury Grove, London, N.5 
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Westronic remote contro! equipment 


for British Railways 


WESTINGHOUSE 
CHOOSE 
a 

SERVISCOPE 


Vital links in the remote-control signalling 
system on the newly electrified Liverpool Street/ 
Bishops Stortford line of British Railways 
Eastern Region are provided by the Westinghouse 
Brake and Signal Company’s Westronic Control 
and Indication System. Apart from the speed 

of operation ensured by the continuously 
scanning code generation method involved, and 
the long life associated with the all-transistor 
coding units, the Westronic system is remarkable 


A British Railways photograph 


for its ease of maintenance. Not only are line 


failures reduced to the minimum by using only 


D.31R is the rack mounting version of the well-known ‘ 3 
one pair of wires to convey command and 


Jo > Bez Servis s servic ineers a ile ia ' ; 
Double Beam Serviscope, used by service eng indication codes between control and field stations, 


throughout the electronics industry in applications such but all coding units take the form of easily 


as this, where reliability is essential. All Serviscopes are accessible plug-in printed circuits. Routine 
remarkably small in size, light in weight and low in cost, checking of circuits and emergency fault-finding 
and in both portable and rack mounting versions have are carried out at the control cubicles, and to speed 
gained an enviable reputation for consistent accuracy these vital operations Westinghouse have built a 
even under difficult operating conditions. model D.31R Serviscope into each installation. 


TELEQUIPMENT...of course! 


R.E.C.M.F. Exhibition, 


*K ‘Serviscope’ is the registered trade mark of Telequipment Ltd. Olympia, 
313 Chase Road, Southgate, London, N.14. Fox Lane 1166 May 30th—June 2nd, 
ae Stand No. 497, Grand Hall Gallery 


Telequipment Limited, 313 Chase Road, Southgate, London, N.14 Fox Lane 1166 
A.S.1 
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INCREASED PRODUCTION CAPACITY! 
PERFECT CONDITIONS! 


... result... SHORT DELIVERY! 


Pictured below, in descending order, are departments 

of the new Sifam factory shown at the foot of this P 

ee ieee & des ee Bees oe The concentration under one root of exceptionally able 

tioned Final Assembly Area; Compression Moulding design teams, with long experience in many fields of 

Shop; Preliminary Assembly Shop and Dial Mept. industrial instrumentation, supported by completely 
up-to-date research and production resources, is an 
outstanding feature of the new Sifam Factory. Designed 
solely forthe specialist manufacture of electrical measuring 
instruments and pyrometers to the highest standards, 
the new plant offers an unrivalled service and a range 
of instruments unexcelled for craftsmanship and 
appearance. 


Increased capacity enables us to offer the delivery you 
want—and to maintain it! Write to us now or ask for a 
Technical Representative to call with details of the 
latest Sifam developments. 


The Wessex range of four instruments is 
attractively designed in the modern style. 
The illustration depicts Type 61. 


... Skilied craftsmanship and a 


thirty year old Tradition of Excellence... 


SIFAM ELECTRICAL INSTRUMENT CO. LTD. 
Woodland Road, Torquay, Devon 


Torquay 63822/3/4 Telegrams: SIFAM, TORQUAY 
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We shall be pleased 
to see you at the 
R.E.C.M.F. Show 

Stand 318 











Specialised knowledge and wide resources of 


the Brayhead Group have contributed to many important 





advances in the past and are available for 


future developments of the Electronic 4 


7 


and Engineering industries. Pa 
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_ 
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_ a ON The E:Luabéalstemenseleias of companies manufacture 


springs, light and medium pressings of all types, wireforms, 

clips, extruded cans, television turret tuners, valveholders 

to suit all requirements, including printed circuit applications, 
and F.M. Units. Other activities include the P 
development and mass-production of High 

and Intermediate Frequency Transformers Ce 
and Coils for Transistor Circuits employed 


in the Radio and Television Industry 
and Industrial Electronics. 
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How to make a Gilt-edged Investment 


Ordering printed wiring edge connectors should be PRINTED WIRING CONNECTORS 
regarded as making an investment. Your investment SNNOLE-CIDED BOARDS DOUELS-CIDED BOARDS 


can be gilt-edged if you specify CONTINENTAL— “pik aitinces some Ta da dew 
CONTINENTAL can Offer you a wider range of printed = {0 aictesfau  O200 0003 16 in deaee 
wiring connectors than any other manufacturer and — 8300 5 nis. «© “saw osher tvesae aveliatte 
this range includes the new international standards. @Jontact omitted) «0.150 0.062, 10a32single-sided 
All are gold plated but can be offered in many 20 003 “iam” 0.156 0.062 Seways double 
variants to suit your particular application ALSO AVAMARLE 


S - a Miniature plug & socket connectors. Sub-miniature rectangular plug & socket 
Please write for leaflets, outlining your requirements sealed miniature plugs. Taper-pin terminal blocks 


connectors. Micro-miniature rectangular plug & socket connectors. Hermetic- 
FOR BUILT-IN QUALITY AND RELIABILITY, SPECIFY Con inental Connectors 


CONTINENTAL CONNECTORS LTD - INDUSTRIAL ESTATE - LONG DRIVE - GREENFORD - MX - (WAXiow 5721-7) 
ASSOCIATED WITH THE ULTRA GROUP OF COMPANIES 
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Thorn Pygmy Power Relay 


| 
$ 


New interchangable relay designed for 
use in remotely controlled automation 
units. Has double pole changeover contacts. 
Dust proof—transparent plastic cover. 
Plugs into any standard International 
octal valve base. 

Weight Only 44 ozs... 

projection only 2" above base. 

Mechanical life over 

10,000,000 operations. 


Switching current: 5 amps maximum at 
250 volts A.C. 

Maximum surge current: 10 amps. 
Operate time: 8 milliseconds approx. 
Release time: 6 milliseconds approx. 
Overall dimensions: 14” square by 235” 
Coil voltage: 240 volts standard; also 
available for 6, 12, 24, 48, 60, 110 volts 


For further information write to 
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THORN ELECTRICAL INDUSTRIES LTD 
(incorporating Components and Connectors), Great Cambridge Road, Enfield, Middlesex. ENFIELD 5353 


THORN PLUG-IN RELAYS 


Thorn T9 Micro-Switch Relay 


A plug-in relay, particulary suitable 
for switching P.A. equipment, the 
snap action contacts minimising 
interference with pick-up leads. 


Operating coil wound for any specified 
voltage up to 240 volts A.C. or 150 volts 
D.C. May be tropicalised. 


Up to three micro-switch pattern contacts 
mounted on standard coil frame. 


Versions available with up to 11 solder 
tags or 10 screw terminals. 


3 changeover. 

Over 10,000,000 operations. 

C.O. period less than 2 milliseconds. 

10 amps/240 volts A.C. noninductive load. 
0.2 amps/240 volts D.C. ,, om ” 
0.5 amps/110 volts D.C. ,, * si 
1.0 amps/50 volts D.C. ,, fet - 
5 amps/24 volts D.C. ,, 


Contacts: 
Mechanical Life: 
C/O Time: 
Max. Switch: 
Capacity: 


Max. Operate 
Speed: 20 cycles/sec. 
Switching: Up to 0.1 amp. approx. 20 cycles/sec. 
Frequency: ae a 
“ery eer we 8 
” ” 10 ” , ad %° ” 
(referred to A.C. non-inductive load). 
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WAVEFORM Pane 
ANALYSERS eae 


1¢/s-690ke/s 


Models are available for automatic, 
semi-automatic or manual operation. 
Although designed primarily for vibration 
and noise measurements they are equally 
suitable for the analyses of most complex 
electrical waveforms. 


Features: Most models give a choice of 
several bandwidth tuning conditions; 


constant percentage bandwidth; high ¥ not, ts we aie 
frequency accuracy; wide amplitude were on the mailing list. 


range. Each issue contains 
authoritative articles 
WRITE FOR PUBLICATIONS 100,101,105, 138, of interest to all designers. 


Muirhead ‘TECHNIQUE’ 
is published quarterly, 
MUIRHEAD mailed to any part of the 
os ‘ world on request. 
Precision Electrical Instruments . 
MUIRHEAD & CO. LIMITED Beckenham, Kent, England 
Telephone: Beckenham 4888 MUIRHEAD & CO LIMITED 


MUIRHEAD INSTRUMENTS INC., 441 Lexington Avenue, New York, 17, N.Y., U.S.A. 
Telephone: Murray Hill 2-8131 
MUIRHEAD INSTRUMENTS LIMITED, Stratford, Ontario, Canada 


Telephone: 271-3880 510 


BECKENHAM KENT ENGLAND 





MAY 1961 ELECTRONIC ENGINEERING 





EE 33 112 for further details 


Tarsscc raatclanecuatela 


> eae 


Ernest Turner instrumentation at the BBC Television transmitter, London. 


Ernest Turner electrical measuring instruments represent the highest standards of design 
accuracy and workmanship. Clean lines, easily-read scales and attractive appearance 
combine with technical quality to present precision and industrial grade instrumentation 


in a wide variety of types, ranges and dimensions. 


Full details of all Ernest Turner instruments are given in Catalogue No. 85, available upon 


request. 


ELECTRICAL INSTRUMENTS LTD 
HIGH WYCOMBE - BUCKINGHAMSHIRE - ENGLAND 
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Both you and the_racing driver 
would agree that ali circuits 
have their own Characteristics 


and problems 


but for you, when selecting a 


valve for all round optimum 
performance... .4 


better make it BRIMAR 





BRIMAR LIMITED FOOTSCRAY ID 2) KEAN T ae TOCCRAY ) BVA 
yy 
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* * A life test on this B. & R. COl relay recorded 
million 35,000,000 operating cycles before the relay finally 
ceased to function. 
It indicates the care in manufacture and testing 
which goes into all B. & R. relays. 
Reliability is, in fact, something you get with every 


‘£1 B. & R. relay. 
~ “FB: RELAYS reiay 
B. & R. RELAYS LIMITED - TEMPLE FIELDS: 


Telephone: Harlow 25231 


HARLOW - ESSEX 
Member of the Gas Purification Group 
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PRESSURE SENSITIVE TAPES FOR ELECTRICAL USES 


MANUFACTURED BY 


PERMACEL saces umien 


SLOUGH BUCKS TELEPHONE SLOUGH 25521 


a 


Gohmron oho 


COMPANY 
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NEW VINKOR SERIES 


Covers frequencies from 100 Ke/s to 


A new series of Vinkor adjustable pot 
cores has been developed by Mullard for 
use in the frequency range 100 kc/s to 
2Mc’/s. This series isin addition to the highly 
successful group already widely used for 
frequencies between 1 kc/s and 200 kc/s. 


Mc/s 








The world’s most efficient pot core as- 
sembly, the Mullard Vinkor gives a choice 
of 3 permeabilities and has exceptionally 
high performance and stability. Write today 
for full details of the wide range of Vinkors 
now available. 


Mullard VIN KOR 


ADJUSTABLE POT CORE ASSEMBLIES 


hae MULLARD LTO., COMPONENT DIVISION, MULLARD HOUSE, TORRINGTON PLACE, W.C.4e 
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Commentary 


rT°HE Radio and Electronic Component Manufacturers’ 

Federation published their 28th Annual Report on 
April 12. The Report shows that although 1960 had its 
share of ups and downs it was, taken overall, a successful 
year for the electronic component manufacturers. It 
will be recalled that during the first few months of 1960 
the boom conditions of 1959 continued unabated and 
there were all the signs of a rapidly expanding economy. 
Unhappily this rapid expansion revealed a lack of balance 
and in particular the increase in internal credit was con- 
sidered too rapid and likely to lead to overspending. To 
counteract this trend the Government introduced credit 
restrictions last April followed by an increase in the Bank 
Rate in June. As was intended, these measures had their 
greatest effect on consumer goods for the Home Market 
which, so far as the radio and electronic industry is con- 
cerned, means domestic radio and television receivers. 
Fortunately there was steady expansion in other sections 
of the electronic industry, particularly in the industrial 
and instrumentation fields where the increase in output 
was estimated to be between 10 and 15 per cent. Taken 
overall therefore, and despite the fall in output of domes- 
tic receivers, the industry’s output increased in 1960 by 
about 10 per cent compared with some 6 per cent for the 
country as a whole. 

It is estimated, in the Federation’s Report, that the total 
production in 1960 of professional, domestic and audio 
equipment, components and accessories and valves and 
semiconductors had a total value of £400M and that if 
the electronic output of associated industries was included 
the total annual output would probably be in the region 
of £500M. It will of course be appreciated that the com- 
pilation of such estimates is somewhat hazardous since 
the statistical information available is hopelessly inade- 
quate: this is particularly so in the case of industrial 
electronic equipment. 


On the domestic equipment side it is interesting to note 
that for the first time for five years the number of radio 
receivers produced was greater than the number of tele- 
vision receivers. This change in emphasis is ascribed 
mainly to the popularity of the new range of portable 
transistor receivers and, to a lesser extent, to a growing 
demand for v.h.f. receivers. 


Naturally a large section of the Federation’s Report 
is taken up by the subject of exports and it is gratifying 
to note that the export of radio and electronic products 
in 1960 showed an increase of 6-5 per cent over the 
previous year. With total exports of just over £59M 
the radio and electronic products group is the largest 
exporter in the electrical industry and the only major 
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exporting section of the electrical industry to show a 
substantial increase. Indeed, the exports of the whole 
electrical industry rose by only 1-5 per cent during the 
year compared with the National average of 6 per cent. 

So far as the radio and electronic group is concerned 
the major rise in exports was recorded by the component 
section with an increase from £10M in 1959 to £13-6M 
in 1960. There were also improved returns for all other 
sections of the industry with the exception of Capital 
Equipment which fell by 3-7 per cent and Audio Products 
which dropped by nearly 6 per cent. 

For the group as a whole the principal markets re- 
mained relatively unchanged and the U.S.A. again headed 
the list. In the component section there was, however, a 
change in the relative precedence of the markets and for 
the first time Europe displaced the Commonwealth as the 
largest customer; the most impressive gains were in 
Norway and Sweden where sales were more than double 
the previous year’s figures. 

It would, however, be a grave mistake to become too 
jubilant about the success of our exports for, while the 
latter reached the record figure of £59-1M the imports of 
radio and electronic products rose to the record level of 
£22-6M: an increase of 9-7 per cent compared with the 
previous year. In fact while imports have doubled in 
the last five years exports have increased by only 45 per 
cent; in other words, during that period, the rate of 
increase for imports has been more than twice that for 
exports. 

In their Report the Federation make particular refer- 
ence to the increasing threat from Japanese competition 
and it is stated that they have submitted to the Govern- 
ment strong representations resisting further concessions 
to Japan in the U.K. Home Market, principally on the 
grounds that cheaper labour costs in Japan give that 
country an unfair advantage in competition with British 
Manufacturers. That may be all very well so far as our 
Home Trade is concerned and it may well be that Japan 
cannot maintain low labour costs indefinitely, in the 
meantime, however, we have got to face their competition 
overseas and it is up to us either to produce outstand- 
ingly better goods or to use Our ingenuity to reduce our 
production costs to a competitive level and preferably, 
of course, to do both. 

Looked at as a whole the Report is a satisfactory one 
and the members of the Federation may feel justly proud 
of their achievements during 1960. It contains, however, 
a sufficient number of warning notes to prevent undue 
feelings of complacency and it is apparent that if satis- 
factory progress is to be maintained there can be no 
slackening of endeavour in the future. 
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A READER FOR HAND-MARKED DOCUMENTS 


By Cynthia M. B. Reid*, M.A. 


A design is described for a simple machine to read hand-marked documents such as invoices. 
The reasons for undertaking the project are outlined, and problems inherent in sensing marks 
made by hand described. The mechanical and optical design of the reader is briefly described 
and a detailed account given of the logical operations whereby the information on the document 


is sensed, staticized, processed and punched into tape. 


Built-in alarms minimize the risk of mistakes 


due to creases or dirt, and their usefulness is indicated in a summary of operational results. 


(Voir page 336 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 342) 


HEN the idea of using computers in the offices of 

J. Lyons & Co. Ltd, was first suggested, it was recog- 
nized that the production of the data in a form that could 
be read automatically would save a great deal of labour. 
In 1954 experiments started to devise an instrument that 
would enable a salesman to set out an order for bakery 
goods in a form suitable for automatic reading. 


This problem arises in any business where computers 
are installed and many suggestions have been made for 
the automatic recording of data arising from the use of 
cash registers, adding machines and the like. However, 
when one is dealing with the production of invoices by 
salesmen in the field such machines are not usually avail- 
able and so a form which can be hand marked with pen 
or pencil is the natural medium. 

The problem was considered by the engineering staff 
of LEO and a specification drawn up for the experimental 
reader which forms the subject of this article. As a 
result of the experimental work done with it, an engineered 
prototype suitable for production is now being designed. 
The model described is simple, even elementary, as a 
deliberate policy since it was felt that only by getting 
actual practical experience of collecting data from sales- 
men would it be possible to see what design features were 
important and which not. The simplicity of the current 
design in no way precludes the introduction later of 
refinements such as automatic feeding and stacking of 
the forms. 


The Document 

A section of the document is shown in Fig. 1. The 
salesman can order quantities up to 96 of any one item 
by marking one or more columns. (A space is provided 
for manuscript amendments or additions.) The squares 
normally measure fin x 4in and are marked diagonally 
from bottom left to top right with a soft pencil, grade 
HB or B. 


On the punched tape the item is identified by the ‘ item 
number ’, shown in Fig. 1 to the right of the marking 
area. Item numbers 08 and 09, 18 and 19, and so on are 
omitted so that the numbers are in the octal system, thus 
the output of a multi-stage binary counter gives the item 
number directly. 

The short horizontal lines in the column on the right are 
‘location marks’ and define the scanning period for each 
item. 

The right-hand edge of the document is taken as a 
reference; by specifying the distance of the location 
marks from this edge to an accuracy of +-00Sin it is 
possible to ensure that they pass exactly under the sensing 
photocell. The positions of the quantity columns must 
also be specified to the same accuracy and this at first 





* LEO Computers Ltd 
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made printing the forms cheaply difficult. Setting up 
the form in print in the usual way was found not to be 
sufficiently accurate and was in any case several times 
more expensive than printing the conventional order form. 

The photo-lithographic process was finally adopted and 
is both accurate and reasonably cheap. The document 
is drawn twice full-size by a skilled draughtsman. This 
is reduced photographically during the production of the 
metal plate positive. The plate can produce many 
thousands of copies, and when worn out can be replaced 
for less than £1. Continued accuracy is ensured during 
printing by checking the position of the location marks 
occasionally with a simple gauge. 

The document is a lengthy one and must therefore be 
folded before it can be sent through the post. The reader 
would occasionally sense this fold as information or treat 
it as a ‘doubtful mark’ (see below). It was therefore 
decided to machine-fold the document on a fixed line. 
Heavy marks are printed in every quantity column on this 
line, which is then not used for recording information. 
The computer is programmed to ignore holes punched 
from the marks on this line. This scheme has proved to 
be competely satisfactory. 

Although it was expected that the salesman would be 
reasonably careful not to crumple or soil the document 
badly, it has been found in practice that the reader is 
tolerant of mild creases or smudges. 


Fig. 1. 
Some specimen marks are shown in the quantity columns 
right-hand column contains the location marks, which define the scan period 


A section of the document 
The extreme 
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Fig. 2. View of the reading head 
In the centre foreground is the plate armature which operates the brake/ 
drive shaft, visible just beyond it. On the right is one of the cooling nozzles 


Mechanical and Optical Arrangement 

The form is fed at 10in/sec by two spring-loaded jockey 
rollers which force it into contact with driven rollers in 
continuous rotation, which just protrude through the deck 
of the reader. The jockey rollers are fitted to the end 
of a short rocker, at the other end of which are brake 
pads for stopping the form by pressing it against the 
surface of the deck. The rocker shaft is rotated between 
‘run’ and ‘ brake’ positions by two solenoids. A common 
armature is rigidly attached to the rocker shaft (see Fig. 2). 
The solenoids are driven from a bistable circuit so that 
one or other is always actuated. 

The form travels between accurately spaced guides and 
passes beneath a horizontal metal plate just far enough 
above the deck to allow free running. This tends to 
flatten creases in the paper which might otherwise produce 
spurious pulses. A long ‘window’ jin wide is cut in 
this plate allowing the reading section of a line to be 
visible. 

The area of the window is strongly illuminated by four 
44W lamps having axially mounted filaments and mounted 
in pairs on both sides of the window and with filaments 
parallel to it. It is essential that these lamps are fed from 
a d.c. supply since a.c. would cause fluctuations in light in- 
tensity. The light incident on the win- 
dow has an average angle of 45° to 
the vertical from either side. Behind 
each pair of lamps is an elliptical 
mirror. The positions are carefully 
adjusted so that the lamp filaments 
lie along the first focus of their mirror, 
and the centre of the window lies 
along the second focus of both mir- 
rors. (See Fig. 3.) This arrange- 
ment throws a concentrated strip of 
light on the area being sensed. 


The photograph shows the general 
view of the deck 
In the foreground is the control panel, 


and on the right can be seen the punch 
and tape 
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The reading cells are mounted in a metal block above 
the window; in one version of the reader there is a cell 
over each of the seven quantity-columns on the docu- 
ment, and one over the location mark column, making 
eight cells in all. A later model has fifteen cells. A pair 
of plano-convex lenses focuses the area being sensed via 
a slit on to the sensitive area of an OCP7! photo-tran- 
sistor. (See Fig. 4.) The system is adjusted so that 
the lower lens has its focus on the document and the upper 
lens has a focus coinciding with a slit in a piece of metal 
foil. This slit is of the same width and direction as a 
correct mark on the document, so that when a mark is 
sensed, its image coincides with the slit, cutting down the 
light to the OCP71 above it. 


ELLIPTICAL MIRRORS 
ta Ma Mee . 
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coinciding with second focus of 
mirrors A and 8 











DECK OF READER 


Fig. 3. The optical arrangement 
The arrangement of lamps and mirrors, shown here in cross-section, gives 
a concentrated strip of light at the reading window. The heat shields protect 
the reading block from the direct heat of the lamps 


The maximum sensitivity of the OCP71 occurs in the 
infra-red region, but it is found that a black pencil mark 
cuts off enough of the infra-red light to give a good pulse 
at the collector. 

The reading head is between the lamps and must there- 
fore be cooled. A fan drives air through nozzles directed 
at the reading head which is further protected from direct 
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‘Reading window at 7 
focus of lower lens / / 
Fig. 4. Reading cell 
Eight of these cells are situated one above each quantity column and one 
above the location mark column. Any reasonable mark on a sensing square 
will cast an image on the slit, cutting down the light on the OCP7I and 
producing a pulse at the collector 


heat by metal shields placed between it and the lamps. 

The valves and circuit components are mounted on five 
standard LEO units’ which can be quickly removed. Each 
unit contains an average of twenty-five valves, most of 
which are E88CC double triodes. 


Operation of the Instrument 

After switching on, the operator presses the initial reset 
button which sets all bistable circuits in the correct initial 
state. She then releases a loading lever which allows the 
jockey rollers to drop on to the document. The initial 
reset button has already put the drive/brake circuits into 
the ‘drive’ state so that the document now starts to move 
forward. 

Whenever a mark in a particular column passes under 
a photo-transistor a negative pulse appears at its collector. 
The pulse is reversed and amplified by a photocell ampli- 


Fig. 5. 


fier, of which there is one for each of the eight photocells. 
The output of the amplifiers corresponding to the seven 
quantity columns is applied to a storage gate, connected, 
via a register input gate, to the set input of the appro- 
priate flip-flop register (see Fig. 5). 

The output of the location-mark photocell amplifier is 
squared by a Schmitt trigger circuit whose output is ap- 
plied to a binary counter, the scan-period counter. Each 
row of the document has two ‘location marks’ so that 
the scan period counter, initially in the ‘0’ state, will be 
in the ‘1’ state for the period of time between the pair of 
location marks, which will be referred to as the scan 
period. Throughout the scan period the seven informa- 
tion storage gates are primed, so that the maximum out- 
put voltage of each photocell amplifier will be held on 
the storage gate capacitor whose leakage time-constant is 
much greater than the scan period. 


At the end of the scan period, the register input gates 
open and if any storage gate has an output voltage of 
over 20V, its flip-flop register will be set. Setting a 
register causes the corresponding storage gate to be rapidly 
discharged via the reset output of the register concerned. 


In Fig. 5, only two of the information routes are shown, 
the remaining five being identical. 


Punching the Information 
The set outputs of the seven information registers are 
fed to an OR gate to produce a ‘ punching required’ con- 
dition if any register is set (Fig. 5). The ‘ punching re- 
quired’ condition will cause the document to stop and 
will also trigger the reperforator so that punching can 
occur. Each row of the document corresponds to five 
rows of punched tape which contain information as 
follows : — 
(a) Row 1 carries the item quantities 12, 24 and 48 
which are punched in the tape columns ‘1’, ‘2’ 
and ‘4’ respectively (Fig. 6) 
(b) Row 2 carries the item quantities 1, 2, 3 and 6 
which are punched in the tape columns ‘1’, ‘2’, 
‘4’ and ‘8’ respectively. 
(c) Row 3 carries the more significant figure of the 
item number obtained directly from the ‘1’ out- 
puts of the multi-stage line counter. 


(d) Row 4 carries the least significant figure of the 
item number. 


Staticizing the imformation 


Only two of the seven information channels are shown, the remaining five 


are identical with these 
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On each of these four rows a hole in the ‘ 16” position 
indicates that the rows carry numerical information. 

(e) The fifth and last row punched for this line on 
the form has holes in the ‘2’ and ‘4’ positions. 
This code represents block end to the computer 
and conveniently divides the punchings for that 
line from the next group of punchings. 

This simple one-to-one correspondence between the 
position of the information on the document and the posi- 
tion of the hole representing it on the tape gives the 
machine great flexibility, since the quantity columns may 
have any value appropriate to the application considered. 
A slight change to the programme used by the computer 
caters for the change of quantity. 

After punching block end all registers are reset and 
store gates discharged in case any retained a residual 


on Te oe ae 


Row | 
Row 2 
Row 3 
Row 4 


Row 5 (block end) 


Sprocket holes 








Fig. 6. Layout of punched information on the tape 
A section of tape is shown, punched as described in the text 
sponds to a quantity 3 sensed on document line 57 


This corre- 


The document drive is then restarted and con- 
the ‘punching required’ condition occurs 


voltage. 
tinues until 
again. 

Evidently to control the tape punch, the output circuits 
must know which of the five rows in the tape cycle is 
about to be punched. This involves a three stage binary 
counter which is set in the state 0, 0, | by the initial reset 
button, and is stepped after each row of tape has been 
punched, by a synchronizing pulse mechanically produced 
by contacts in the reperforator. After punching the fifth 
row of the cycle the counter is required to begin again, 
i.e. to return to the state 0,0. 1. To do this, the condition 
‘tape row five’ is effectively reversed to close the input 
gate to the three-stage tape row counter and prevent the 
synchronizing pulse from stepping on the counter from 1, 
0, 1 to 1, 1, 0. At the same time the condition ‘tape 
row five’ allows the synchronizing pulse to pass through 
another gate to set the counter directly to the state 0, 0, 1 
the required position. 

To see how the flow of information is controlled assume 
that quantity 3 is marked on a particular line of the docu- 
ment. In this case the condition ‘punching required’ 
causes the document to stop and triggers the reperforator 
which is ready to punch ‘tape row one’. There is no 
information on this row since the quantities 12, 24 and 48 
are not marked. Thus the first tape row contains a hole 
in the ‘16’ position only, indicating a numerical zero (see 
Fig. 6). The synchronizing pulse then steps the tape row 
counter to the state ‘tape row two’. This condition is 
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gated with the set output of the register, corresponding to 
quantity three in one of the fourteeen information-routing 
AND gates. This gate will thus give an output which 
passes through an or gate to call the punch corresponding 
to tape column ‘4’. Thus the second row of the tape 
contains holes in the ‘4” and ‘16’ positions. If the 
document line number were say 57, then the third tape 
row would show a five in binary code (i.e. hole positions 
‘1°’, ‘4’ and ‘16’. This is obtained directly from the 
document line counter. Similarly the fourth tape row 
would contain holes in the ‘1°, ‘2’, ‘4’ and ‘16’ posi- 
tions. 

For the fifth row of the cycle, the condition ‘tape row 
five’ appears and is passed directly through the two or 
gates feeding the punches for tape columns ‘2’ and ‘4’, 
this being invariable and giving the block end at the end 
of each five row cycle. 


The Doubtful Mark Alarm 
The 20V signal needed to set a register, is set up to 
correspond to a reasonable mark on the document, viz 


Alarm 


Information 
storage 
gate outputs 


Cancel 
doubtful mark’ 
alarm 


Stop docu- 
ment drive 





End of 
scanning 


DELAY 
period 


Staticize 
row 


Fig. 7. The * doubtful mark’ alarm 


If any storage gate has an output between ten and twenty volts, the flip-flop 
will be set, the alarm lamp will light, and the document will be halted 


one made by a 2H pencil with moderate pressure or by an 
HB pencil with slight pressure. Creases or dirty finger- 
prints would not normally produce a 20V signal but might 
give 12 to 15V. Further, if the marks were inaccurately 
or too lightly made, the signal might be only 12 to ISV. 
Clearly the reader will be unable to distinguish between 
a poor mark and a fingerprint if both give a signal of 
15V. For this reason a ‘ doubtful mark ” alarm circuit has 
been incorporated. 

The outputs of all information storage gates are mixed 
together and tested at a time sufficiently long after the 
end of the scan period to ensure that any stored informa- 
tion will have been discharged, by the reset output of 
the information flip-flop (see Fig. 7). The sensitivity of 
the flip-flop registering a doubtful mark is adjusted so 
that if any storage gate still holds between 10 and 20V 
it will be set during this test. 

Setting the ‘doubtful mark’ flip-flop lights an alarm 
on the control panel and stops the drive so that the opera- 
tor knows immediately that a doubtful mark has been 
sensed. She then observes in the reading window the line 
of the document being scanned, and compares the marks 
on the document with the state of the registers. If all 
the intended marks have been staticized, the alarm must 
have been due to a crease or smudge and the operator 
can cancel the alarm by push-button. If, however, any 
of the intended marks have not been staticized she must 
remove the document and improve the poor marks before 
reloading. In this case she must punch a special pattern 
on the punched tape to indicate that the information 
already punched for that document is to be disregarded. 
This is also done by a single push-button, the ‘tape cancel’ 
button. 
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The ‘ Wrong Count’ Alarm 

Before starting the run, the operator sets up, on a bank 
of switches on the control panel, the total number of lines 
on the document. As reading proceeds the multi-stage 
binary counter stepped by the ‘1’ output of the scan 
period counter counts the number of lines scanned. The 
location marks for the last line are wider apart than the 
others so that the scan period is much longer. This is 
detected by an integrating circuit when the last line has 
been reached. The number set up by the operator on 
the switches is then automatically compared with that on 
the line counter. 


If the numbers agree the reading channels are closed 
and the document will run out to the stacking tray with- 
out any further reading. At the same time two inches 
of blank paper tape are produced to give a visual indica- 
tion on the tape of the end of form. 

If, however, the numbers do not agree the document 
stops on the last row and a ‘wrong count’ alarm lamp 
lights on the control panel. The operator may then check 
the number set on the switches. Correction of a faulty 
setting will cancel the alarm and allow the document and 
tape to run out as before. If the switches have been 
set correctly, the reader must have miscounted, and the 
operator may press initial reset and tape cancel buttons 
and examine the location mark column for badly printed 
location marks, or creases. 


Cancel Facility 


From the outset it was recognized that it would be very 
useful if information already marked on the document 
by a salesman could be cancelled by him. In practice it 
is found that this facility is used on nearly every docu- 
ment containing twenty or more orders. 


Obviously marks could be erased with a pencil eraser, 
but this is liable to leave enough surface roughness and 
graphite on the document to give a doubtful mark alarm. 
Another method which has been tried is to design the 
computer programme to disregard the quantity ninety-six 
corresponding to a mark in every quantity column. This 
method has the disadvantage that if any of the marks 
were entirely missed by the reader, the remaining marks 
would constitute an order for several dozen. This could 
be overcome by a scrutineer who would quickly examine 
all the documents for such faults. Taking this precaution 
the method is quite satisfactory, but a further method is 
available. 

An extra column, the ‘cancel’ column is included on 
the document with its own photocell, amplifier, storage 
gate and register. However the register set output is not 
regarded as information to be punched, but is reversed 
to inhibit the ‘ punching required’ condition. Thus when 
a ‘cancel’ mark is sensed on any document row the docu- 
ment does not stop and no punching occurs. This method 
has been used and proved very satisfactory although again 
a scrutiny of the document is needed in case there are any 
poor cancel marks. 


Operational Results 

The document reader completed a six months trial run 
during 1959, during which several modifications were made 
to improve the reliability and accuracy. Following this 
the reader underwent a ‘ soak test’ in which it read docu- 
ments continuously for two days. The total number of 
marks on the documents was 66 000 of which 65 781 were 
punched and the remaining 219 gave doubtful mark 
alarms; in a total of 66000 marks not one was missed. 
A fully engineered version tested over a longer period 
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would be expected to give even higher performance. The 
present model includes marginal testing facilities as in the 
LEO computers’, to guard against the possibility of valve 
or component drift, and a facility for reducing the inten- 
sity of illumination of the document by ten per cent. 
These tests give the engineer an early warning of impend- 
ing failure. 

It will be apparent that the design of the reading head 
and circuits is such that they could be altered to cope 
with differences in such things as the quantity significance 
of the various columns, or the size of the marking areas. 
In fact one user might be able to find several uses for 
a single reader with quickly detachable reading head and 
logic interchangeable by switch which could thus deal 
with several different styles of document. 
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High Voltage Switching with Transistors* 


The circuit of Fig. 1 shows a method of switching a high 
voltage by means of low voltage transistors. The circuit con- 
sists of three parts. 

(1) A ringing-choke d.c. convertor which 
when pulsed by the input switching signal. 


(2) A stack of low voltage transistors which are ‘ off’ when 
the convertor is not oscillating and ‘on’, and thus offering an 
intermittent short-circuit, when the convertor is energized. 


(3) A filter circuit. 


oscillates only 


Fig. 1. The circuit used in a Teleprinter application 
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MAY 1961 





Long-Distance Waveguide Transmission 


By R. Hamer*, Ph.D., A.M.LE.E. 


(Part 2) 


(Voir page 265 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 272) 


A Practical Waveguide Structure 

As already discussed, a practical waveguide structure 
must have the internal surface impedance offered to the 
various propagating modes modified so as to: 


(a) Remove the equality of phase velocities of the Ha 
and Ey, modes. 


(b) Increase as much as possible the attenuation co- 
efficients of all modes except the Hn:. 


It is not possible to obtain a surface impedance that 
will increase the attenuation coefficient of the Hon waves 
appreciably more than that of the Ho: wave. Apart from 
this, however, both the above requirements can be met in 
two ways of practical importance: 


(1) By the use of a ringed or helical structure. 


(2) By coating the internal surface of a smooth metallic 
waveguide with a thin film of lossy dielectric. 


Although the analysis so far described is of general 
application in f.m. waveguide systems, there is consider- 
able complexity in applying the results to a particular wave- 
guide structure. For this reason attention will be 
confined to one particular structure and since work is 
proceeding in many countries on helical structures”, the 
dielectric lined waveguide has been chosen for further 
examination ‘ere. 

It has been shown that with given modulation charac- 
teristics the n.p.r. at the end of a long waveguide system 
is dependent on the values of Aa and AP for each para- 
sitic mode. The curves in Figs. 2 and 3 show that Aa 
should be as large as possible and A as small as possible 
(u large); however, ASen must be large enough to avoid 
En-mode degeneracy, and the larger Af for all modes the 
smaller is the parasitic-mode power generated by distributed 
imperfections. The relationship between the values of A« 
and Af and the type of dielectric lining will now be 
considered. 

The effect of a dielectric film is to increase the surface 
impedance of the internal waveguide wall. The increments 
in the attenuation and phase constants are approximately 
as follows™. 

Hun waves 


AcAg 1 X27 =m? 
damn = (1/s) : ; R,+ - — Rz 
AZ ] (m*/ Xmn’) A,’ Xmno- 


58m is the same with X, in place of R, 


(14) 


and Xz in place of Rz 
Em. waves 
damn = (i /s) (Ag/ Ac) Rz 


SBma = (1/5) (Ag/Ac) Xz 
where A, = free-space wavelength, 
Ag = guide wavelength of mode considered, 
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A. = cut-off wavelength of mode considered, 


Z, = R, + iX, = circumferential surface impedance, 
normalized to 3770, 


Zz = Rz + jXz = longitudinal surface impedance, 
normalized to 377), 


and other symbols are as already defined. 


When the surface impedance is modified by means of a 
dielectric film, there is an extra increment in the attenua- 
tion constant due to the concentration of the tangential 
component of the electric field near the waveguide wall. 
It has been shown by Unger” that if the film is very thin 
this is, for Hon waves: 


ba’ == (A.?/ Ao”) Xou* (f/s) Zon (e 1) 
where ¢ = dielectric film thickness, 
e = relative permittivity of dielectric, 


aon = Hon-mode attenuation constant in plain wave- 
guide. 
The increment 42’ is very small and, over the ranges of 
permittivity and thickness considered here, the increase in 
the Hoi-mode attenuation is unlikely to exceed 1 per cent. 
When the film thickness is very small compared with the 
waveguide radius, the surface impedance in highly over- 
moded waveguide is related* to the properties of the di- 
electric film as follows’: 


Z, = 4 (2at/A.)’ e tan 8 + 54 (2zt/rA.)’ (e — 1) .... (17) 
Zz = (2rt/A.) (tan 8/e) + j (2zt/A.) A —(1/e)) .... (18) 


where tan 4 is the loss tangent of the dielectric. It may now 
be seen that dam. is determined by both the permittivity 
and loss tangent of the dielectric, whereas 5@m. depends 
only. on the permittivity. Moreover, evaluation of equa- 
tions (14), (15), (17) and (18) shows that with practicable 
film thicknesses, in 2in diameter waveguide at frequencies 
of tens of gigacycles per second, R, and X, may be 
neglected, except for the H.. modes. It may therefore be 
concluded that a suitable choice of a thin lossy dielectric 
film should enable the desired values of differential attenua- 
tion and phase constant to be obtained, although large 
increases in Aa and Aagps are not possible. 

The effect of the dielectric film on the differential phase 
constants is first considered. Examination of equations 
(14), (15) and (18) shows that significant changes in the 
phase constant can be produced only for the E modes (of 
which only the En is of interest here) and for H modes 
higher than He,. Of these H modes, only the Hy is of 
interest, not because it is a likely parasitic mode, but 
because a small increase in Bx: can bring it into coin- 
cidence with the phase constant of the Hs mode. This 
would introduce a new degeneracy and must consequently. 
be avoided. The values of Af for the Ex and Hs modes 
for four values of permittivity, over a range of film thick- 
nesses, are shown in Fig. 5, for 2in diameter copper wave- 
guide at 35Gc/s. If AG = 0-Srad/m for either mode is 


. (16) 





* The results of Malin are in error by a factor of 2. 
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taken as an absolute minimum value, the values of e and 
t should be such as to avoid the shaded forbidden region 
in Fig. 5. 

The effect of the dielectric film on the differential 
attenuation of the parasitic modes is now considered, and, 
in order to render the problem manageable, it is necessary 
first to specify a tolerable increase in the He:-mode attenua- 
tion. It is here proposed to allow a 20 per cent increase 
in 2; due to the effects of dielectric loss as predicted in 
equation (14), the new value of a for computing A« 
being then 0-000264. The small additional attenuation in 
accordance with equation (16) will be neglected. 





5 
—— E,, mode 
~--~ Hy, mode 


9 Forbidden region 


AB (rad/m) 


‘ \ 


‘ x 

SSS SSS Se 
‘ ‘ < LON 
. ‘ LN PN < ‘ 
‘ ‘ ‘ . < e < \ ‘ 
WMHS Sa Ba WH 2a Bs 2 2S P= Ase OP BE 

/ 
+o 


e257) ,73-25,-3 
4 a 








-~3 





6 8 10 12 
DIELECTRIC THICKNESS é(inx 10°) 


Fig. 5. Variation of 4° for E,, and H,, modes im 2in diameter waveguide 
at 35Gec/s 


Solid lines: E,, mode. Dashed lines: H,, mode. Relative permittivities shown 
against lines. Forbidden regions (|48|<0-5) shaded 


From equation (14), some of the Hon attenuation incre- 
ments in 2in diameter waveguide at 35Gc/s are: 


S21 = 1-70 R, 
5202 6-07 R, 
14R, 


The characteristics of the various modes are shown in 
Table 3, and from the appropriate attenuation coefficients 
it follows at once that for a 20 per cent increase in a»: 


R, = 2:59 x 10°5 


0203 


and, 
Ao 0-00067N /m 
Aa = 0-0019N/m 


where Aam, is the attenuation coefficient of the parasitic 
mode considered relative to that of the Ha mode. Thus, 
for these two modes the differential attenuation is known 
as soon as the tolerable increase in Ha-mode attenuation 
is specified, irrespective of the dielectric properties deter- 
mining R,. 
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For the remaining parasitic modes it is convenient first 
to examine the relationship between the permittivity, loss 
tangent and thickness of the dielectric film consequent 
upon the choice of a 20 per cent increase in a. This 
relationship is obtained from equation (17) by inserting 
the value of R,, and in 2in diameter waveguide at 35Gc/s 
it is: 


tan 6 = (12/ef*) [t in in. x 10-°] 


Curves of tané against ¢ for four values of e are shown 
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Fig. 6. Variation of tan 4, e and t for a 20 per cent increase in H,,-mode loss 
Forbidden region hatched. Relative permittivities shown against curves 


in Fig. 6. Superimposed on these curves is one of the for- 
bidden regions disclosed in Fig. 5. 


It is now necessary to determine the increments in the 
attenuation coefficient of the remaining parasitic modes 
in terms of the permittivity and thickness of the dielectric. 
This is carried out using equation (14) (Rz term only), and 
equations (15), (18) and (20), and the results are shown in 
Table 5. 


TABLE 5. 


Increments in Attenuation Coefficients 


damn 
MODE (t in in. x 10) 
Hi, 3-86/e77? 
Hi. 0-307/e*f 
Ha, 6°55/e*r? 
E,, 9-0/er 














From the normal attenuation coefficient given in Table 3, 
the above expression for the Hz» mode has been plotted 
as curves of Aa against ¢, for four values of e, in Fig. 7. 
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The forbidden values already referred to are indicated by 
the dotted portions of the curves. 


From the curves in Figs. 2, 3, 6 and 7, equations (19) 
and the data in Tables 2, 3 and 5 it is now possible to 
relate the n.p.r. at the end of the postulated long wave- 
guide to the r.m.s. modulation index, for permissible and 
practical values of e, t and tan 6. The relative permittivity 
and loss tangent of a dielectric, including a composite 
material obtained, for example, by loading a dielectric 
with lossy particles, cannot be freely chosen. Compara- 
tively large loss tangents are associated with large permit- 
tivities, and this limits the increment that can be achieved 
in the attenuation coefficient of a parasitic mode. The most 
troublesome parasitic modes are the Hi and Hm, of which 
only the former is appreciably affected by the dielectric 
film, It transpires that with practical lossy dielectrics the 
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Fig. 7. Relative attenuation of H,, mode, with 20 per cent increase im 
H,,-mode loss 


waveguide performance is limited almost entirely by H»- 
mode parallel-flow. 

The n.p.r. in a simulated 2 700-channel system at the 
end of a 280km run of waveguide is shown in Fig. 8 for 
three practical dielectric linings, The curves display a 
minimum n.p.r. with modulation indices in the region 0-7 
to 1, indicating the desirability of operating with m <1 
or >1. The probable best attainable dielectric (curve (a); 
e= 3, t=2 x 10-‘in, tané = 0-4) should enable a n-p.r. 
of about 50dB to be obtained with m = 0-4 or 5. The 
performance recommended by the C.C.I.T.T. is such that 
the n.p.r. taking into account all noise sources should 
exceed 42dB, so a value of some 45dB due to intermodula- 
tion noise alone is necessary. The n.p.r. due to parallel- 
flow in the waveguide should therefore exceed about 48dB 
to allow a reasonable margin for other sources of inter- 
modulation noise. It would appear that this performance 
may be just realizable in a f.m. system utilizing a dielectric 
lined waveguide. 


Dispersion 

Even in highly overmoded waveguide, significant dis- 
persion occurs, and the group-delay/frequency charac- 
teristic is therefore non-uniform. This problem has been 
examined by Larsen”, who also describes methods of 
equalization. 

Group-delay distortion is a serious problem in f.m. 
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transmission and will require careful equalization over the 
transmission band of each carrier wave. It is unnecessary 
to consider continuous equalization over the whole of the 
frequency band utilized; group-delay non-uniformity can- 
not produce intermodulation distortion between the medu- 
lating signals borne by separate f.m. carriers, such as 
might be used in a long-distance waveguide system. 
(Amplitude non-linearity in mutli-carrier amplifiers in the 
waveguide system would, however, cause such distortion’, 
but this problem is outside the scope of the present 
investigation.) If it is assumed that separate r.f. carriers, 
each bearing a 2 700-channel f.d.m. signal, are used, then 
group-delay equalization over each separate transmission 
band of 50 to 100Mc/s (depending on the modulation 
index used) would be required. 

The transmission group-delay per metre of the Hn wave 
in circular waveguide is: 

Te = (w/ Vo) (w* 

angular frequency 


Oe ocacchcad Mae 
where w 
we = angular cut-off frequency. 


Over relatively small frequency bands the variation is sub- 
stantially a linear slope, and the differential delay reduces 
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to the following: 

oT; (fe? / fo Vo) (f fo) . (22) 
group-delay per metre relative to that at the 
frequency fo, 


where 67, 


f. = waveguide cut-off frequency. 


In 2im diameter waveguide at 35Gc/s the following 
important result follows, for the group-delay slope: 
(dT, /df) = 4:04 x 10-*nsec/(Mc/s) —m 
Over a 280km route this becomes: 
(dT,/ df) Mc/s 

This is a comparatively large group-delay slope, and it 
is unlikely that it can be satisfactorily reduced by equaliza- 
tion at the terminals. However, if conversion to a v.h.f. 
intermediate frequency is carried out at amplifying 
stations, group-delay equalization at all or some of the 
amplifying stations is possible. For example, if the amplify- 
ing stations are spaced at, say, 20km intervals, the slope 
to be equalized at each station would amount to 8-1 x 
10-* nsec/ Mc/s. 

An alternative way of dealing with dispersion is to 
reverse the polarity of the modulation at intervals—perhaps 
at every amplifying station—along the waveguide, Only 
a very small residual group-delay slope would then remain 


(23) 


1-Insec 





* In the form of interference noise. 
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to be equalized at the terminal, since reversing the polarity 
of the modulation is tantamount to reversing the group- 
delay slope. This reversal could be accomplished by suit- 
able frequency conversion (possibly associated with inter- 
mediate-frequency amplification) and not necessarily by 
translating the signal to the baseband. 

It may be concluded that dispersion, although causing 
some difficulty in f.m, transmission, does not present any 
insoluble problems. 


Conclusions 

It may be concluded from the approximate analysis 
described that the transmission of f.d.m. telephony signals 
over long distances, using the Hw mode in circular wave- 
guide, is possible by frequency modulation of a carrier. 
It has been shown that the problems of Hoi-mode attenua- 
tion, parallel-flow and echo-signals, and dispersion do not 
present insurmountable difficulties. These conclusions are 
valid only if the waveguide is deliberately designed and 
laid in such a way that the distribution of imperfections 
and discontinuities is as random as possible. 

It may further be concluded, subject to experimental 
verification, that a plain copper waveguide coated internally 
with a suitable lossy dielectric film may constitute a satis- 
factory transmission medium. 
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APPENDICES 


(1) ATTENUATION DUE TO MODE CONVERSION 

The waveguide is assumed to consist of a large number 
of random lengths, /-, with an Ho:-mode fractional power 
loss of w,’ at the end of each length. The lengths are all 
very small compared with the waveguide run, and the 
power loss, wr’, may be due either to point imperfections 
or distributed distortion; in the latter case the power loss 
throughout the distorted length is assumed for simplicity 
to take place at the end of the length. Each parasitic mode, 
and the waveguide imperfections causing coupling to it, 
are treated separately, and the total mean power loss per 
unit length is obtained by addition of the losses arising 
from all relevant modes. 

With unit input power to the waveguide, the power 
remaining in the Hy; mode at the end of the r™ section 
(for a given parasitic mode) is: 


pe = 11 (1 — wr) exp (—2a5/,) 
1 1 


where «a is the H»:-mode attenuation coefficient. Since w,’ 
and /, are random, they may be replaced by the mean 
values, w,’ and /,, and the power p, becomes: 


Pr = (1 — wa’) exp (—2ral,) 


If the total waveguide length is L, equal to ni,, and 
wa <1, a good approximation for the Hn-mode power, 
Po, at the end of the waveguide line is: 


Po = exp — (2aL + wa’L/I:) 
= exp (—22’L) 
where 2’ is the new effective attenuation coefficient. Noting 
that w,'//, is the mean power loss, w’, per unit length to 
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the given parasitic mode, the increment in the attenuation 
coefficient is da = 4w’. 
(2) Hu-MopE Power Loss DUE TO DISTRIBUTED COUPLING 

If the relative attenuation in the parasitic mode is zero, 
the power transferred to the parasitic mode throughout 
a length of constant distributed coupling is: 

p = (207/AP*) (1 — cos 4Bz) 
where o is the coupling coefficient per unit length. When 
the relative attenuation is not zero, the full analysis using 
coupled-line theory leads to a somewhat unwieldy solution. 
A simple approach on the following lines provides an 
adequately accurate result. 

At the end of a length corresponding to a half-cycle of 
power transfer, the power in the parasitic mode, attenuated 
by the relative attenuation coefficient, Az, is: 

p2 = (40°/ AB’) exp (— 27Aa/ AP) 

The wave power in the parasitic mode can now be 
regarded as coupling in a similar manner back to the main 
mode throughout the second half-cycle. The wave again 
suffers attenuation in the parasitic mode, the power 
returned to the main mode being approximately : 

pi = (40°7/ Af") exp (— 42Aa/ AB) 
Consequently, the power lost per transfer cycle is: 
p = (40°/A") [1 — exp (—4x7Aa/AP)] 


(3) GraDUAL DIAMETER-TAPERS 
Provided the taper is gradual, it may be simulated 
approximately by a series of equal-spaced, variable height 
steps. Then, if the step spacing is 6x: 
s(x) = 6s/8x 
where s(x) is the radius function defining the taper. Making 
use of the formula in Table | for the coupling coefficient, 
c, at a step, it immediately follows that: 
ty Xo Yon s(x) 
o(x) = 2 Xe? — Xon" s(x) 
where o(x) is the coupling coefficient per unit length. In 
a gradual, linear taper: 
s(x) 
s(x) 
where y is the radius taper angle; thus: 


= y/s 


o = 2 OX _ vis 
Xo" — Xon™ 

(4) SOLUTION OF PARALLEL-FLOW PROBLEM 

It has been shown that the parallel-flow power of delay 
T; (=az) is: 

nz = w®(L — z)exp(—2Azz) dz 
and, with f.m. noise loading, the intermodulation noise 
power resulting from this echo is a function of n, and T;. 
The mean intermodulation power when considering one 
of a large number of random-phase echoes may be 
obtained by taking half the sum of the noise powers given 
in equations (5) and (6) of reference (14). The result is: 
Wo. = (w’u/ xm’) (L — ud)exp — {2Aand + 
2m?’ [OSi(9) + cos 6 — 1)} 
ce 
{ [exp (—Wr)) + Wr) — 1) cos r dr 80 
where 6 = 2xf,T = z/u 
@ . 
Si(@) = sine integral, ( — x dy 
J y 


2m?’ [((1 — cos 6) cosr + 7 Si(r) 
— 7+) Si(r +6 + 4(r--89) Si(r-9] 


Wr) 
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and other symbols are as already defined. The modulation 
is assumed to consist of a uniform band of random noise 
extending from zero to the frequency f,, and Wp, is the 
normalized intermodulation noise power at fa. 

On the assumption that the intermodulation noise power 
arising from echoes of different delays may be added, the 
full intermodulation noise is the summation of Wp, for 
all 56. In the limit, this is: 


Wp = (w*u/ xm’) 


Liu 
[{@— uf) exp— {2Aau + 2m*l6 Si() + cos 6 1]} 


[lexp(— Wz) + Mr) —1] cos x dr } dO .... Gi) 


Equation (ii), which requires evaluation by a computer, 
is a more accurate solution of the parallel-flow problem 
than that used in the article. 


REFERENCES 


. See, for example, LE.E. Convention on Long-Distance Transmission by 
Waveguide. Proc. Instn Elect. Engrs. 106, Pt. B (1959). 


. Karspow1ak, A. E. Theory of Imperfect Guides: The Effect of Wall Imped- 
ance. Proc. Instn Elect. Engrs. 102B, 698 (1955). 


. Unoer, H. G. Circular Electric Wave Transmission in a Dielectric-Coated 
Waveguide. Bell Syst. Tech. J. 36, 1253 (1957). 


. Maun, V. V. The Effect of a Lossy Film on the Attenuation of Radio Waves 
- s Waveguide of Circular Cross-Section. Radiotechnica i Electronica, 
» 34 (1956). 


. Cotte, M. Interpretation de |’Effet d’une Pellicule Isolante sur 1’ Affaiblisse- 
ae — H dans un Guide de Section Circulaire. Cables & Transm. 
° (1954). 


. Larsen, H. Delay Distortion and Equalization in H,, Waveguides for Long- 
Range Communication. Proc. Instn Elect. Engrs. 106B, 188 (1959). 





A High Supersonic Speed Wind Tunnel 


A new 4ft by 3ft wind tunnel has recently been brought 
into operation at the Royal Aircraft Establishment at Bedford 
and forms an extension of the range of major tunnels already 
in use there. This new high supersonic speed tunnel is at 
present operating at a fixed speed of Mach 4, but when the 
flexible nozzle is completed and installed it will be operable 
over the range Mach 2°5 to 5. The tunnel is of the continuous 
flow type and when completed it will be possible to alter both 
the tunnel pressure and Mach number during the course of 
a run. 


The instrumentation of the model under test is fairly con- 
ventional and attitude control of the model and all data 
observation and recording is carried out in a central Observa- 
tion Room. 


The model under investigation is mounted on a sting shaft 
which, in turn, is mounted on a moving quadrant. The quad- 
rant is used to alter the pitch of the model within the limits 
of 5° depression and 27° elevation, while the sting can rotate 
the model through +180° from a mean position. These move- 
ments can be remotely controlled when the model-support 
section is in the line of the tunnel. When the section is in the 
rigging bays, it is sometimes necessary to be able to reproduce 
the movements of the sting which occurred when the section 
was in the tunnel, and portable control cabinets are provided 
for this purpose. 

Control based on the Ward Leonard principle is provided 
for both pitch and roll. A single 3-8 h.p. induction motor drives 
two I:IkW d.c. variable-voltage generators each of which 
supplies a 1 h.p. separately-excited d.c. motor. One of these 
motors drives the moving quadrant and the other the sting. 
The control arrangements for speed and position of the quad- 
rant and the sting are identical. 

The operation of the moving quadrant electrical control 
system is based on the balance existing between a magslip 
coincidence transmitter actuated by the quadrant and a mag- 
slip transmitter located in the Observation Room, and under 
the control of the operator. Under conditions of equilibrium 
equal currents pass through the opposing fields of the 1-I1kW 
d.c. generator and consequently there is no output to the I h.p. 
quadrant driving motor. If, however, the operator alters the 
position of the magslip transmitter, which is calibrated in angles 
of depression and elevation, an error signal is introduced into 
the magslip system which is then fed, via a transistor amplifier, 
to the opposing fields of the d.c. generator. This signal causes 
the current in one field to increase and in the other field to 
decrease, so that the output of the generator is . “"- to the 
quadrant driving motor which then rotates in the required 
direction until coincidence of the two magslips is re-established. 

Refinements incorporated in the control circuit include the 
use of coarse and fine magslips, the fitting of a tacho-generator 
geared to the quadrant drive to assist stability and permit 
precise speed control, a position-error indicator and a digital 
display and read-out system. 

Measurements on the model under test are made, in general, 
by means of strain gauges, manometers and thermocouples. 

For force recording provision is made for automatic balanc- 


MAY 1961 


283 


ing of ten Wheatstone bridge circuits, for plotting the readings 
against a chosen parameter, e.g. model incidence, and for 
digitizing and recording the results in punched-card form suit- 
able for supplying to a digital computer. A typical channel 
consists of a strain gauge circuit in which the balancing is 
completed by the slidewire of a strip chart recorder; this 
recorder plots the results across a paper chart while the chart 
itself moves to keep pace with another variable such as model 
incidence. The shaft rotation of the strip chart recorder is 
digitized, stored and read out on demand to the gang summary 
punch. The punched card output is analysed by feeding into 
a digital computer. 

A total of 72 R.A.E. type weigh-beam manometers (Mid- 
wood manometers) is available for pressure recording. Each 
manometer automatically balances the pressure in the capsule 
by moving a jockey weight along a weigh beam and the position 
of the jockey weight is transmitted to a dial indicator, also 
to a tape indicator and via a digitizer to a gang punch. 

Three strip chart recorders are included in the system and 
each can plot 24 pressures on the X axis while the Y axis 
(the paper roller) moves to correspond to a preset dimension 
such as the proportion of wing chord at which the particular 
point is located. Thus a typical plot could be a pressure dis- 
tribution around a wing profile. The strip-chart plot is an 
analogue system taking its information from potentiometers 
on the weigh beam transmitter repeaters. 

In addition to the measuring and recording equipment a 
625 line closed circuit television system is installed for viewing 
the model under test. The miniature camera which is employed 
can be completely controlled, including pan, tilt, traverse, lens 
interchange and focusing, from the control desk in the Obser- 
vation Room. 

The design and construction of the wind tunnel were carried 
out by the Ministries of Works and Aviation and a number 
of industrial firms. The major part of the instrumentation was 
supplied by the General Electric Co. Ltd while the closed 
circuit television equipment was supplied by Pye Ltd. 


The observation room 


ELECTRONIC ENGINEERING 





An Automatic Check-Out and Recording 
Network 


By R. Mansey* 


This article describes an existing British automatic check-out equipment, designed for a missile 


system, which has proved suitable for any aircraft or 


similar system where the parameters are 


predominantly electrical. 
The methods of accepting the input signals are discussed, together with selection and comparison 


with a standard. 


The design of a unique self-balancing potentiometer is described, showing how 


the standardized input is used to operate a bi-directional staircase generator until parity is reached 
between the staircase output and the input. 


The article concludes with a brief summary of the application of the equipment to the check-out 
of aircraft. 


(Voir page 336 pour le résumé en frangais; Zusammenfassung in deutscher Sprache auf Seite 342) 


= subject of automatic checking, particularly of 
modern aircraft, has become increasingly important 
as more and more skilled personne! are required to ensure 
that the various systems function satisfactorily prior to 
take-off. It is fast becoming evident that saturation will 
shortly be reached unless either more simple tests are 
introduced or a method found to use relatively unskilled 
personnel for checking without increasing the time taken. 
In fact, the time must be reduced considerably. 

The existing check-out procedure of modern military 
aircraft is a complicated exercise involving a vast array 
of test equipment, innumerable assorted trolleys, and a 
veritable swarm of inspectors. Fault finding is difficult 
and servicing lengthy. The Americans have long realized 
this and, with typical transatlantic enthusiam, have 
invested large sums of money in automatic check-out 
equipment. They have also designed aircraft/missile 
systems particularly for the use of the equipment, which 
has been of considerable assistance in evaluating per- 
formances. 

In this country, considerable thought has been given 
to the basic requirements. It is realized that automatic 
check-out is no panacea, in fact, it presents many prob- 
lems in its own right and a real danger exists that the 
inevitable teething troubles would prejudice its introduc- 
tion to an excessive degree. A number of firms have 
been engaged on the study of check-out equipment and 
the following description is the result of research carried 
out by De Havilland Aircraft Co. Ltd. 


initial Conception 

During the design of the ‘ Blue Streak ’ ballistic missile, 
it was apparent that the many systems would require a 
rapid check during ‘ count down’ prior to firing. Manual 
test equipment was obviously unsatisfactory and a study 
was made of the precise requirements in order to estab- 
lish a design specification. 

A prime consideration was that the equipment should 
meet the requirements of various well-known inter-service 
specifications covering mechanical and electrical stan- 
dards of workmanship and environmental, operational 
and storage conditions. 

The input power should be taken from the normal 
mains supply. 

An analysis of the missile systems showed that, at that 


* De Havilland Aircraft Co. Lid. 
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stage, all parameters requiring to be checked could be 
translated in terms of one of three electrical quantities, 
d.c. voltage, sinusoidal a.c. voltage or varying frequency. 

Although the prime requirement was for a continuous 
sequence of tests, culminating in a complete clearance of 
all parameters, it would be essential to be able to select 
one particular channel for re-setting or fault finding pur- 
poses and in many instances to select a small routine of 
tests. In fact, it was finally decided that four main 
routines should be made available, each housing a maxi- 
mum of 88 channels and each main routine should contain 
up to 8 sub-routines. Selection of all the different types 
of requirement was necessary at will, together with 
termination at any time with the exception of main 
routines during the ‘launch’ sequence. 

In order to keep the input measuring lines as short as 
possible, the equipment must necessarily be sited near the 
missile, much nearer than personnel could remain during 
‘count-down’. A form of remote control was, therefore, 
essential, such remote control having precedence over all 
local actions. 

The method of read-out required considerable thought. 
With so many differing parameters, each with its own 
limits, a form of standardization was essential. One 
man ultimately had the responsibility of firing, and he 
had to be given information in a manner easy to assess. 
A simple pass/fail system was unsatisfactory, as the 
degree of both states was often vital. An unnecessary 
hold-up would have been very costly. It was eventually 
decided that the simplest form of read-out for easy 
assessment was to take a nominal value for every para- 
meter, which was its mid position between extremes of 
tolerance, and call this value 0-0. The bottom limit of 
its tolerance then became — 1-0 and the upper limit + 1-0. 
Thus, any result between 10 and +1-0 was satisfac- 
tory. It was considered that the degree of failure on 
all channels could be assessed within a total of five times 
the tolerance value, as, beyond this state, a major failure 
had occurred. Thus the limit of read-out would be — 5-0 
to +5-0 which, in terms of single digits, represented 100 
steps. The examiner would therefore only see a succes- 
sion of figures within this bracket and could assess any 
measurement without knowing what the particular chan- 
nel was actually measuring. In this respect, he would 
be the equivalent of a semi-skilled operator. Additional 
to the read-out, a permanent record was necessary and, 
at that time, the simplest solution was the use of an 
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electric typewriter, modified so that signals from the 
equipment could operate the number keys, + or — sign 
and the red and black ribbon change. 

The input parameters were studied in more detail and 
were found to fall generally into three categories: the 
standard inputs, voltages and frequency; super inputs, 
specially tailored for complex measurements; and con- 
tinuously monitored inputs for vital services. Finally, an 
action or executive facility was necessary on many chan- 
nels and it was therefore specified that every channel be 
provided with an executive function so that some action 
could be taken before, during or after measurement. Suit- 
able delays were to be provided as necessary. 

This brief specification shows that the initial concep- 
tion is in many ways applicable to any structure or 
equipment containing a variety of systems where elec- 
trical signals are available for monitoring purposes. 


Furthermore, the type of read-out enables a considerable 
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Fig. 1. The provisional system 


Fig. 2. normalizer 


Fig. 3. 


(left) Simple d.c. 
(right) Final d.c. normalizer circuit 


reduction to be made in the number of skilled men 


necessary for check-out. 


Basic Design Accuracies 


Any test set for service equipment should measure to 
an accuracy of one order of magnitude better than the 
specification for the system under test. For general d.c. 
voltages, it has been established that an accuracy of one 
part in 10° is possible with half an order lower accuracy 
for other parameters, thus allowing a system designer to 
specify tolerances to 1 per cent on the equipment. In 
exceptional cases, the flexibility of ACORN permits 
special measuring circuits to be introduced through the 
executive facility so that more accurate measurements 
can be made. Frequencies can be checked more accu- 
rately than d.c. voltages, to one part in 10* allowing spot 
frequency tolerances to be specified to one part in 10°. 


Description 

The specification determines the provisional 
shown in Fig. 1. 

Taking the figure in sequence, the first item is the 
normalizer. This is simply a printed circuit card 8in x 6in 
containing the circuit and components necessary to reduce 
the input signal to a standard form. 

The input current is backed off against a known cur- 


system 
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rent source derived in discrete steps, and when the two 
are equal, the step generator stops. The measuring cir- 
cuits therefore deal only with deviations of input about 
the nominal, and it is evident that if the input is in the 
form of a d.c. voltage, an error recorded by the measuring 
set-up can be arranged to indicate any percentage varia- 
tion of that voltage. The basic circuit of a simple d.c. 
normalizer is shown in Fig. 2 where: 


E Ex 
Ex = nominal input voltage 
E./Ro = Ex/R;x 
lx AEx R, 
It will be appreciated that point a is sensibly at earth 
when ix = is. 
Now R,x AE, /is and E./ Ro E. iz/ AEs 
a AE, E, (ix R, /E.) (ix Rx/ Ex). 
Hence any fixed percentage variation in E, (given by 
AE,,/E,) can provide a fixed read-out indication by varia- 
tion of Ro. 


backing off current 


Fig. 4. High 
normalizer 


impedance 
circuit 
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Fig. 5. Frequency measurement 


The number of tolerances provided by different values 
of R. is kept within practical considerations by limiting 
the number to 12, between 1 per cent and 20 per cent. 
However, unless the input parameters are identical in 
respect to both the nominal value and their tolerance, 
the value of Rx required will differ in each case to an 
unpractical total, and therefore each value of Rx is made 
up of three series resistors such that a minimum stock 
is necessary to make up any desired value. 

In order that faulty selection can be isolated from 
normal input tolerances, a modification to the basic circuit 
is necessary, such that, when the input parameter is at its 
nominal value, a fixed current flows in the measuring 
circuit, which is subsequently backed off by a fixed cur- 
rent derived at the step generator. If now, the selector 
is at fault and the normalizer to measuring circuit not 
continuous, the output indication will be the equivalent 
of the backing off current only. The final d.c. normalizer 
circuit is therefore as Fig. 3. 

The circuit for a.c. voltages consists of an input trans- 
former, phase rectifier, filter and rectifier drift compensa- 
tion, in addition to the basic d.c. voltage components. 

A high impedance normalizer is also available for accu- 
rate measurements requiring less than the normal 100uA 
drain from the input source (see Fig. 4). 
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The transistor is a sificon unit maintained at constant 
temperature. 


For tight tolerance frequency measurement, the circuit 
shown in Fig. 5 is used. 


For more open tolerances, the input is fed directly to 
the limiter. 


One further type of normalizer to be considered is that 
of a standard for self-checking. This comprises a card 
easily converted by the addition of links to check a range 
of different types of input. In general, all that is neces- 
sary to check ACORN is a simple d.c. card set to +1-0, 
00 or —1-0. 


The selector mechanism follows conventional telephone 
practice, using a high speed Siemen’s motorized uni- 
selector and digit switches. Digit switches are used for 
selection purposes and the most convenient method of 
calling up the required channel is to use a standard 
telephone dial. By using digit switches in pairs, it is 























Staircase 
output 





Fig. 6. Simple staircase generator 


possible to call up manual, i.e. single channel tests, and 


routines. The channels in the routine are determined by 
the routine patch panels, each of which is capable of 
routining 88 chosen channels and of being programmed for 
eight sub-routines comprising an unbroken block of the 
main routine. 

The signal from the main selector is then fed to a 
self-balancing potentiometer of de Havilland design. The 
basis for this device is a Hausrath circuit! as shown in 
Fig. 6. 

Switches A; A» etc. are made together but only one 
pair at any time. The associated resistors are such that 
whichever pair of contacts is closed, the current drawn 
from the supply is constant. By choosing suitable resist- 
ors, a uniform step increase in current through resistor P 
is possible as each pair of switches is made. 

It is obviously more suitable to use transistor switching 
and for this reason the circuit requires modification as 
Fig. 7. 

Here, all switches A: to Z:; are normally made and A; 
to Z:, normally open and no current passes through P. 
When A; closes, Az opens and as Ra: + P = Rua, the 
current drain on the supply is unchanged but a voltage 
appears across P equal to P, supply voltage. A suitable 
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choice of P + Ra: resistor values again produces step 
generations from successive switch operations. The 
switches in this circuit are two sides of a transistor bistable 
circuit of the Eccles-Jordan type. 

A further departure from the Hausrath circuit is the 
use of twenty bistable switches, two of which may be 
operated at one time. This is necessary since the genera- 
tor is required to work to a radix of 10 and nine bistable 
switches feed increments of current corresponding to non- 
zero units of the digital scale and nine corresponding to 
multiples of ten. A small error is introduced by this 
modification which is minimized by keeping the output 
voltage small compared with the supply voltage. 

Generator inaccuracy due to cut-off current is to some 
extent alleviated by using a circuit in which the ‘tens’ 
switches and ‘units’ switches cause currents to flow in P 
in opposite directions, thus giving some cancellation of 
open-circuit leakage current. If a transistor is turned 
off in one group only, the effect of the unbalanced cur- 
rent (Jc) is reduced by choosing the value of P such that 
PT.o is very small compared with the voltage step for 
one unit. 
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Fig. 7. Staircase generator with transistor switching 


A second source of inaccuracy due to potential drop 
across a ‘turned on’ transistor, produces an effective 
reduction in the potentiometer supply voltage. In con- 
trast to the unbalanced current error, which is of constant 
magnitude, the p.d. error increases as the digit becomes 
larger. It is thus most serious for the ‘tens’ switches. 
A careful assessment of the values for P and the supply 
voltage is necessary to establish the best compromise 
solution. 

Each bistable circuit is turned on and off by a shifting 
register, capable of translation in both directions, i.e. 
bi-directional. The register driving the ‘units’ switches 
is joined end to end, forming a ring counter, and driven 
by a clock oscillator so that translations of state occur 
at regular time intervals. The transitions 0-9 and 9-0 
generate a carry pulse which produces unit translation 
in the ‘tens’ register. Logic is applied to the register 
to prevent 9-0 transition in the ‘units’ ring when the 
‘tens’ ring is at 90. Similarly, the ‘ units’ transition 0-9 
is inhibited when the ‘tens’ ring is at 0.0. These two 
conditions represent the upper and lower limit of output 
from the staircase generator. 

Two types of shifting register have been developed, 
both proving satisfactory. In the first, the transistor 
bistable circuits themselves are used as the elements of 
the shift register, coupled by diodes. In the second, 
square hysteresis loop ferrites in the form of toroids were 
coupled by transistors. 

The diode register arrangement is as follows and shows 
the arrangement of two elements of a basic N stage 
shifting register employing diode capacitor short stores 
and bistable multivibrator memories. For simplicity, the 
circuit is shown in unidirectional form in Fig. 8. 
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Fig. 8. Unidirectional diode shift register the 


This circuit can exist in one of four states 
(1) Element M on — Element N on 
(2) - M on — ” N off 
(3) - M off — me N on 
(4) “ M off — N off 


Assuming the circuit exists with M on, the shift line 
is normally held at potential —V. 


Capacitor C, is charged to +V with respect to the shift 
line and capacitor C. left uncharged, provided R is less 
than the reverse resistance of diode MR. When a posi- 
tive shifting pulse is applied, the charge on C, is trans- 
ferred through MR, to VT; base, turning that transistor 
‘off’, and element N ‘on’ in consequence. Addition- 
ally, as C2 is uncharged, MR; and MR, remain closed 
throughout the switching sequence. 


Conversely, with M off, capacitor C2 transfers its charge 
through D, to VT; base, which switches element N off. 


The operation of each element of the register is identi- 
cal to the above, thus when the last (N“) stage is coupled 
to the first stage, information initially set in the register 
is transferred round the closed loop at a rate of one 
element/shift pulse. After 
application of the pulse, 
the shift line returns to 
—V and the appropriate 
capacitors charge through 
resistors, the values of 
which allow the capacitor 
to charge within the pulse 
period. However, as the 
trailing edge of the shift 
pulse introduces a negative 
spike on the collector of 
the ‘on’ transistor, the 
value of R, must be suf- 
ficient to prevent spurious 
triggering of the bistable 
circuits. 

In practice, as previously 
stated, the register is bi- Shift 
directional, operation of ‘| 
each element being identi- ‘Shift le 
cal to the basic system ‘ft 


© 
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described, but with two 
short stores for each 
bistable acting from shift 
right and shift left lines 
respectively, one line be- 
ing dormant and the other 
active at any instant. 

The alternative mag- 
netic register contains a 
ring of ten magnetic cores 
arranged in a_ circuit 
coupled by transistors in 
such a way that all the 
cores but one are mag- 
netized in a certain direc- 
tion, the odd core being 
magnetized in the reverse 
direction. The ‘odd’ 
state of magnetization can 
be shifted along the ring 
in either direction and 
process of _ shift- 

ing serves to set up the 
bistable multivibrator circuits associated with the stair- 
case ‘units’ steps. An identical ring of cores sets up the 
bistables associated with the ‘tens’ steps. The latter 
ring is driven from the unit or zero core of the units 
ring depending on direction and therefore transfers at 
1/10‘ the rate of the units ring. (Fig. 9.) 

A further shift register is provided for fast parallel 
read-out, comprising twenty-six cores. It is a single line 
shift register which is connected to the ‘ units’ and ‘tens’ 
registers and is arranged to operate in two separate con- 
ditions (a) as a normal single line shift register with four 
cores holding ‘ 1” states and twenty-two cores holding ‘0’ 
states and (b) as a set of cores tied electrically in parallel 
with the ‘units’ and ‘tens’ registers. 

With reference to condition (a), four ‘1’ states can be 
set into it and if the shift pulses are applied then these 
digits will circulate around the ring at the original set 
time spacing. With a small shift pulse width compared 
with the time between pulses, a period exists with the 
register at rest, when the ‘1’ digits could be changed to 
form a different pulse pattern. By arranging the ‘ units’ 
and ‘ tens’ registers to operate when the fast register is at 
rest, the fast register, which has two blocks of ten of its 


Fig. 9. Ferrite core shift register 
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cores tied electrically in parallel with the other registers, 
follows movement of the ‘1’ digits in those registers, 
providing its ‘1’ digits coincide correctly. 

The nuil detector is designed to cover the condition 
that the slow read-out should only be performed when 
a balance has been obtained. It is therefore possible to 
use the technique of arranging ‘dead space’ extending to 
+4 step about balance, instead of causing the potentio- 
meter to hunt. The null detector also must have a low 
input impedance to avoid disturbing the current relations 
in the circuit. In order to obtain this type of detector, 
a method of modulation, a.c. amplification and phase 
sensitive demodulation is used. 

A fast response amplifier having a relatively high drift 
combines with a slow acting drift correction amplifier. 
Using silicon transistors, a much reduced drift is ob- 
tained by working the transistor at a temperature of 
about 80°C. 

Taking the basic circuit in Fig. 10, it will be seen that 
with S$; open, C; will charge to the dic. level applied 
through R and discharge through R on closing S; in the 
opposite direction. The amplitude of the waveform de- 
pends entirely on the amplitude of the d.c. input. 
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Phase reversing a.c. amplifier 
Fig. 10. Diagram of d.c. amplifier 
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The a.c. waveform completes a phase reversal from input 
to output of the amplifier. With S: open-circuit, the volt- 
age across R, charges C, through Ri. When R, voltage 
reverses on closure of S;, S: closes and the voltage across 
C2 is equal and opposite to R. voltage. Thus C; will not 
discharge and the result is an amplified d.c. output of 
reversed polarity from a d.c. input. 

The chopping waveform generator used in the above is 
a normal transistor multivibrator with output stages of 
emitter-followers at a frequency of 10kc/s for easy filter- 
ing. As mentioned, silicon transistors controlled at 
80°C + 2°C provided conditions of minimum drift. The 
choice of base current for the transistor at this tempera- 
ture is governed by the fact that the bottoming potential 
becomes lower with  in- 
creasing base current. A 
typical spread of collector / 
emitter voltage is from | 
to 3mV with a _ current 
spread of 50 to 100mA 
through a 25k{2 resistor. 
The collector to emitter 
impedance is in the range 
200 to 50022 and since the 
sensitivity of the detector 
must be in the order of 
1-25mV, it is possible for 
transistor spreads to vary 
the output voltage over the 
full range. By raising the 
collector potential during 
the clamped period, it is 
possible to nullify the 
spreads. The very sharp 
changes in potential at the 
base of the input transistor 
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Fig. 11. The phase sensitive rectifier 

are highly differentiated at the emitter causing a spiky 
a.c. signal at zero d.c. input and thus a zero error. 
Compensation is made for this by an appropriate d.c. 
bias in the output stage as the error induced is always 
in the same direction. 

The amplifier comprises four stages using r.f. transistors 
giving a gain of 20V/uA with —20V ht. An additional 
output stage with a gain of 3 gives 60V/uA without satura- 
tion. Gain control is provided by the addition of overall 
negative feedback and sensitivity can be controlled from 
+08mV to +2-0mV input for + 2-0V output. The 
phase sensitive rectifier circuit is given in Fig. 11. 

The operation is conventional, giving full wave rectifi- 
cation and a ripple frequency of 20kc/s at C. This is 
filtered by an LC circuit. The switching limitations of 
the transistors are overcome by keeping the switching 
waveform peak voltage as high as possible. 

The purpose of the null detector is two-fold (a) to indi- 
cate dead space and (b) to indicate the polarity of error, 
and hence the direction of staircase shift. The output of 
the null detector is therefore fed to logic circuits whose 
output states are shift right, no shift or shift left. The 
block diagram in Fig. 12 provides an impression of the 
logic. 

Three inhibit conditions apply as follows: 


(a) The null detector dead space, which occupies 
+ 4ZI where / is one staircase step and Z is the null 
detector transfer impedance. The shift left and shift 
right amplitude discriminators are arranged to trigger at 
+ 4ZI and — 42ZI. 

(b) The end stop condition when the staircase exists 
on steps 99 or 00 and the shift left and shift right gates 
respectively are operating. The requirements are condi- 
tioned by an AND group consisting of 0 on the ‘units’ 


12. Nall detector logic using magnetic cores 
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decade, 00 on the ‘tens’ decade and the shift right gate 
closed in OR combination, with an AND group consisting 
of 9 on the ‘units’ decade, 90 on the ‘tens’ decade and 
the shift left gate closed. This logic prevents continuous 
hunting of the staircase waveform generator when the 
input parameter is outside the total range. 


(c) The shifting operation is inhibited before and 
during any step change of the input. This ensures that 
if the input is a step function or any other function which 
coincides with some part of the generated shifting pulse, 
it will not introduce a spurious bit due to insufficient turn 
off pulse or vice versa. The inhibit is achieved by a 
delay circuit introduced into the logic input, total inhibi- 
tion occurring over the period of the delay plus one 
shifting operation. Further logic is necessary to deter- 
mine the time at which the ‘ tens’ register of the previously 
described bi-directional shift register is energized. If, say, 
the register is shifting right, ie. 99, 00 then a ‘tens’ 
decade shifting pulse must be derived from the transition 
9 0 in the ‘units’ register. The converse is also true. 
It is, therefore, possible to obtain ‘tens’ decade transfer 
pulses from both the 9 0 and 0 9 ‘units’ transition and 
the unwanted pulse is inhibited in conjunction with the 
direction of shift in the input stage of the logic. 


It is now possible to discuss the read-out of the self- 
balancing potentiometer previously described. Three 
types were originally required and are available, although 
the fast read-out is now considered unnecessary. 

The first requirements are for value sampling after 
finding the first balance, which is presented in parallel 
to a series of visual digital displays and in serial form in 
the first instance to an electric solenoid operated type- 
writer. 

The fast read-out is value sampling every millisecond 
whether or not balance has been found, and after suitable 
coding, recorded on magnetic tape. 

In the slow read-out circuits, the state of the bistable 
circuits in the potentiometer are used to set up an en- 
semble of relay contacts capable of passing the powers 
required to drive the visual displays and solenoids. As 
the current drain from the potentiometer can only be 
small to maintain its accuracy, it is necessary to provide 
a separate controlled source. This consists of a bank of 
cold-cathode tubes (CV 2434) fired by a potential of SOV. 
Switching transistors with 60V collector ratings drive the 
gas-filled triodes. 

The valves drive a small cross-bar type of switch’? 
known as a bi-quinary relay manufactured by T.M.C. The 
switch has six actuating coils, five known as finger mag- 
nets and the sixth as the main operating magnet. Energiza- 
tion of one of the finger magnets effects a mechanical 
linkage such that when the main magnet is energized, a 
row of eight ‘make’ contact pairs are closed, these con- 
tacts being associated with the particular finger magnet. 
More than one finger magnet can be energized before 
the main magnet but once the main magnet is operated, 
no further finger magnet movement is possible and their 
energizing current can safely be removed. 

In order to use the five finger mechanisms, the decimal 
output of the potentiometer is converted to the bi-quinary 
scale, i.e. the decimal number is represented by two digits, 
one to base five and one binary. Successive odd and 
even numbers are paired, each pair being identified by a 
quinary digit and the ‘odd’ or ‘even’ indication by a 
single binary digit. Conversion is carried out by simple 
diode or gates. 

Reconversion to decimal form is achieved by storing 


MAY 1961 


the binary digit in a relay arranged to ‘hold up’ when 
energized and the eight contact pairs of each finger mag- 
net are divided into four odd and four even numbers. 
The groups of four are wired in series with a ‘make’ 
contact for odd and a ‘break’ contact for even on a 
binary digit storage relay, and to the SOV d.c. supply used 
to drive the electromechanical components. Thus, for 
any decimal digit, a unique group of four contact pairs 
on the cross-bar bridge will show 50V on the side remote 
from the binary relay. This voltage is fed to the display 
tubes. 

A conventional electromagnetic relay shifting register 
is used as a serializer to convert the parallel read-out 
information to serial form for operating the electric type- 
writer, the keys of which are controlled by solenoids. 

The fast read-out system-is used only with the magnetic 
register previously described and exploits particular 
characteristics of the ferrite cores. The signal is in the 
form of a pulse width system in which a width modulated 
pulse comes first for the most significant digit, followed 
by a constant width pulse, the position of which gives 
the value of the units digit. The waveform is generated 
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Fig. 14. Diagram of stabilized power supply 


by a ferrite core shifting register, the cores of which are 
coupled to, and set by, the cores of the magnetic register. 

Various stabilized power supplies are required to com- 
plete the summary of ACORN. These are all made up 
into printed circuit cards 8in x 6in so that they can be 
contained in the same type of packing as the normalizers. 

A 50V SA supply is necessary for the electromagnetic 
components and is a straightforward series stabilizing 
circuit with germanium rectifiers and a choke input filter. 

A more complex 20-5V reference supply is necessary 
for the self-balancing potentiometer. In the first instance, 
ten saturated ‘ Weston’ cells in an oil bath controlled to 
20° + 0-1°C provide the voltage reference for the unit, 
but in later models, an oven controlled Zener diode 
reference is used. The general arrangement is shown 
in Fig. 13. 

In order to provide a circuit capable of dealing with 
both mains and load variations, the power supply is 
initially fed from an existing source already stabilized 
to 4 per cent. 

An Ericsson Mk. III polarized chopper relay is used 
to switch between the reference voltage cells and the 
centre-tapped wirewound precision resistor connected 
across the output terminals of the unit. The relay is 
driven from a bistable circuit to eliminate mains pick-up. 
Any potential difference between the reference voltage 
and the output voltage is amplified and fed back into the 
loop, so that the output is restored to the correct level. 


The bistable circuit is a conventional transistor sym- 
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metrical circuit supplied from the 25V stabilized supply, 
operating at approximately 55c/s. 

The highly stabilized supply comprises an a.c. coupled 
amplifier with a gain of approximately 400, capable of 
accepting the square wave output produced by the chopper 
relay. The first stage is a high input impedance emitter- 
follower, a.c. coupled to minimize the current drain from 
the reference source, and the second and third stages are 
emitter-coupled pairs, a.c. coupled, and fed to another 
emitter-follower to provide a low output impedance. 

The supply for the amplifier is taken from the 25V 
source and reduced to 5-6V by a Zener diode and resis- 
tor. This provides a reasonably constant supply voltage 
with temperature variations. 


Fig. 14. The highly stabilized sapply 
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The square wave output from the amplifier is then fed 
tj to a transformer and then to a separate pair of contacts 
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in the chopper relay. These contacts only allow the 

inicio negative going square waves to pass through to the regu- 

relay lator in order to turn the first transistor on. Transformer 

> a ee coupling and an inductive capacitive filter reduces 

J switching transients to a low level and keeps the d.c. 
J output of the regulator below ImV. 
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of sion wirewound resistor being connected across the two 


d.c. outputs. 

This highly stabilized supply is stable to one part in 10* 
from no load to full load over a temperature range of 25 
to 45°C and a mains variation of + 12-5 per cent. 


The 25V supply is a conventional series stabilizing 
circuit with a capacitor, choke and capacitor input filter 
supplied from normal mains via a transformer. 


A highly stable voltage is also necessary for the ‘ units’ 
staircase in the self-balancing potentiometer at a level of 
5-1V. It is stable to one part in 10° under the same con- 
ditions as the 20-5V supply. To obtain the required 

voltage a stabilized output 
Fig. 16. Arrangement of complete circait of 15-4V is provided which 
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Fig. 15. Diagram of measuring circuit operation 
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the registers which set up the staircase voltage, i.e. 
gives either positive, zero or negative voltage as previously 
explained, which tells the staircase to run up, stop or run 
down. The loop is completed by a voltage fed back to 
the null detector input. 

The diagram in Fig. 15 illustrates the principle. 

The signal is fed through the input which tells the logic 
network to increase or decrease resistor R. This in turn 
alters current J which is fed back to cancel input current 
lin. At that point the variable resistor stops. 

The value obtained from the stationary potentiometer 
is then fed to the read-out system as described. As the 
read-out and selection control is in digit form, remote 
control is obtained by simply paralleling the telephone 
dial and output signals and can thus be used at any 
distance from ACORN without detriment. 

The various sections of ACORN previously discussed 
can now be combined to give the complete equipment as 
shown in the block diagram of Fig. 16. It is housed in 
6ft racks, the number of racks being dependent on the 
quantity of input parameters, i.e. normalizers, required to 
be measured. 

This form of construction is obviously not suitable for 


mobile use but ACORN is readily adapted into units which 
can be installed on a trailer or in a prime mover. Remote 
control is effected by the box illustrated in Fig. 17. An 
impression of its size can be assessed by comparison with 
the standard telephone dial on the front panel. 

It is not, at this time, permissible to discuss in detail 
the modifications now being carried out to ACORN in 
order that the many aircraft requirements can be met, 
but it is hoped these can be covered by a further article 
in the future. However, ACORN is an existing piece of 
check-out equipment which has three years development 
backing. Many successful demonstrations have been 
made of its capabilities, including recent displays where 
a standard aircraft ‘black box’ containing 47 checking 
items was tested. 
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Electronic Summation Metering Equipment 


Ferranti electronic summation metering equipment for use 
in power stations, sub-stations and other bulk supply points, 
was exhibited for the first time at this year’s Electrical 
Engineers Exhibition. 


The main feature of this equipment is the replacement of 
electro-mechanical summation by electronic methods. The 
conventional mechanical contactors fitted to watthour meters 
are also replaced by photo-electric devices. The check and 
total registers are driven by an electro-magnetic stepping 
motor, hence the need for mechanical links such as contactors, 
ratchets etc. has been obviated and mechanical maintenance, 
therefore, reduced to the barest minimum. 


Although this new equipment may eventually supersede 
electro-mechanical equipment, it should be noted that it is 
completely compatible with it. In effect, the electronic equip- 
ment can drive existing electro-mechanical equipment and 
vice versa. 


The summator, which is contained in a fabricated steel 
case measuring approximately 23in by 12in by Ilin, can 
accommodate up to 18 display registers, ie. 16 channels and 
2 totalizers or variations on lower numbers of channels. 


In designing the summator it was felt that 16 channels 
would be adequate for most summation metering schemes. 
A Maximum Demand Indicator of the single revolution type 
can be supplied either in the summator case, where the 
numbers of channels permit, or in a separate case of smaller 
dimensions. 


As the entire summator is transistorized—all the circuit 
functions being provided by printed cards—the cubicle space 
has been reduced to something less than a quarter of that 
occupied by conventional electro-mechanical equipment, The 
rack for the printed circuit cards, most of which comprises 
bistable flip-flops, binary dividers and Nor gates as tasic 
logical units, is located at the rear of the case. The register 
dials are mounted on hinged plates at the front, allowing easy 
access to the printed cards, which are colour coded to assist 
insertion. All components used on the printed cards are type 
approved to recognized service specifications. 

Briefly, the summator stores incoming pulses coincident or 
otherwise from a number of channels on display registers and 
totals all the pulses on a totalizing binary register. Incoming 
pulses, which are stored in transistor flip-flops as binary 
digits, are passed on sequentially to a second set of flip-flops 
actuating an impulse driven stepping motor, which advances 
one step on each reversal of current drive. These reversing 
impulses produce a forward step-by-step rotation of the rotor 
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and through gearing indicates the kWh registration on the 
dials. 


The output from the final flip-flops are differentiated and 
fed into a common highway in sequence to a totalizing 
register. 


In instances where it is necessary to indicate net power, 
this facility can be provided by means of a reversible binary 
counter and logical gating. The former is a device that can 
increase or decrease its content by one depending upon which 
of its inputs is pulsed. In effect, the two highways, generated 
power and auxiliary power would be feeding each of the two 
inputs, In general the highway having the greater pulse rate 
would be finally feeding a net register, tut only after the 
negative or auxiliary pulses in the counter store are cancelled. 


The equipment is extremely flexible and modifications ty 
additions to existing schemes can be effected very sim 
without withdrawing the equipment from site. Ano 
facility of the summator is that sub-total registers can be 
provided together with printometer outputs. 


The electronic summation metering equipment 
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A Torquemeter for Milling Investigations 


By J. L. Gwyther*, B.Sc. (Eng.), M.I.Mech.E. 


A torquemeter for measuring the cutting torque on a milling machine is described. A differential 
transformer type of transducer is employed and an output signal suitable for operating a pen 
recorder or for display on an oscilloscope is provided. 


(Voir page 336 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 342) 


pe absorbed in cutting metals is one of the first 
studies of students of industrial engineering. The 
exact mechanics of chip removal, and the components of 
cutting force, are details which are considered at an ad- 
vanced stage in courses, and which need instrumentation 
capable of isolating the separate details and measuring 
them. Cutting power, however, is the subject of early 
investigation. 

A torquemeter able to measure cutting torque alone, in 
an exact way which indicates all fluctuations, is a valuable 
aid to the study of machine and cutter design. If the 
signals can be recorded or photographed, the exact varia- 
tion of torque in intermittent cutting can be determined. 
In the milling process this gives information about such 
elements as the tooth form, spacing, helix, and depth of 
cut, of multiple tooth cutters. 


Philosophy of Design 

The torquemeter application point needs to be as close 
to the cutting zone as possible, so that losses due to 
machine efficiency are eliminated. These losses cannot be 
taken into account satisfactorily if variable cutting condi- 
tions are to be studied, for the machine efficiency will 
vary with the conditions being studied. The transducer 
must, therefore, be applied to the cutter arbor. 


Of the six possible degrees of freedom in space, measure- 
ment will take place in only one plane. Translation of 
the cutter axis horizontally and vertically can be taken 
care of by the arbor supports: so can its rotational posi- 
tion. The transducer is only required to signal effects 
due to pure torsion of the shaft, so far as these can be 
distinguished. 

The sensitivity of the instrument must be sufficient to 
detect variations of torque over the period of cut of each 
tooth, including variations due to cutter and arbor oscil- 
lation; and speed of response of the transmitting and 
indicating gear must be adequate to show these effects. 


The Transducer 


Mechanical and pneumatic systems for transmitting 
signals are at a disadvantage when it is necessary to 
measure rapid fluctuations. In mechanical systems the 
difficulties are associated with inertia of moving parts, and 
in the recording of the signal in pneumatic systems, the 
elasticity of the medium and inertia of the indicators 
cause problems. In the torquemeter under consideration 
an electrical system offers considerable advantages owing 
to its speed of signal propagation, and relative absence 
of lag effects and mass inertia obstacles in transmission 
and recording. 


* Letchworth College of Technology 
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Three main electrical transducers for signalling varia- 
tions in length are strain gauges, differential transformers, 
and differential capacitors. The strain gauge is the most 
common of the three. Sensitivity is increased by using 
more gauges, and the disposition of these in positions of 
diametral opposition on the bar neutralizes the effect of 
any lateral deflexion of the arbor due to radial components 
of cutting force. 
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Fig. 1. Transducer output under load 


The differential capacitor type transducer is sensitive but 
needs screening. The differential transformer device 
(which in fact in this application operates as a differential 
impedance) must be carefully made, the coils needing to 
be in balance. 

Some experience of the differential transformer had 
already been gained in the making of a servo controlled 
fatigue machine, so it was chosen as the first transducer 
to be tried for the torquemeter. Results of tests (given 
below) and performance of the instrument under load 
show its ample sensitivity, even though the reference planes 
between which increment of twist of the 23in diameter 
arbor is measured, are only Ijin apart. 


The Principle of the Transducer (Fig. 2) 

The centre limb of an E shaped core was wound as 
the primary, and the two outside limbs as secondary 
windings. These secondaries were wound so that the 
currents induced in them were in antiphase, and the 
resistance and inductance of each secondary were equal 
to those of the other. Two ends were brought out and 
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connected through resistors to form a bridge, the other two 
arms of the bridge being formed by the coils. No current 
flows at the junction of the resistors while the flux path is 
symmetrical, but if the pole piece, which completes the 
flux path by lying contiguous to the free ends of the E 
shaped core, is moved, then the two halves are thrown 
out of balance and a current flows at the junction of the 
resistors. 

On the instrument as designed, the transducer output 
1s fed from the junction of the resistors, the junction of 





Fig. 2. (a) Torque dy 






































the signal finally registers. If the speed of fluctuation is 
great, an oscilloscope and camera must be used for record- 
ing the signal. 


Design Considerations 

Enamelled copper wire formed the coils of the primary 
and secondary windings, these being impregnated with 
*Durofix’ to hold them solid. 

The transformer core and pole pieces were made of 
silicon iron, the laminations being glued with ‘ Durofix’ 
to provide solidity and a high resistance path at the inter- 
faces. Core and pole pieces were assembled on a dummy 
arbor, and a torque applied in a torsion machine to check 
the extent of the electrical signal. The results are shown 
in Fig. 4. From these it was seen that the provision of 
a second transformer mounted diametrically opposite the 
first to intensify the signal, would not be necessary. 

Following this, the arbor was subjected to successive 
impacts to see if the coil assembly would shift or vibrate. 
There was no coil vibration. Had there been any, the 
whole core and coil assembly could have been set immov- 
ably in a block of epoxide resin. This measure might still 
be taken in later versions of the instrument. 

Brushes of silver solder contacted brass sliprings grooved 
to receive them. The sliprings were carried on Perspex 
collars clamped on to a duralumin rider which was a 
smooth sliding fit on the arbor. Silver plated rings were 


not used in the first model since the voltage loss at the 
rings proved small in comparison with the signal. 


TRANSFORMER CORE 





(b) Section th 


the coils being earthed. The output goes through slip- 
rings on the arbor to brushes connected to the grid of a 
triode valve at A in the circuit diagram. 


Electronic Circuits (Fig. 3) 

A tuned grid triode oscillator, Vi, supplies a signal to 
the differential transformers via V2. The circuit is fed 
with a stabilized h.t. supply of 150V d.c. 

The right-hand side of the circuit diagram is the meter- 
ing circuit, the signal from the differential transformer 
being received at A, then fed through a triode amplifier, 
V;, to a transformer which forms part of a phase-sensitive 
rectifier circuit. The reference voltage B, supplied to the 
grid of Vs, is used as the other supply to the rectifier 
circuit. Centre-tappings from the two secondaries are 
connected to a voltmeter, oscilloscope, or recorder where 
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Test Runs and Oscillography 

During the development stage an oscilloscope fitted with 
a long persistence tube was used to examine the signal. 
Since the experiments were carried out during the day, 
the persistence of the trace on the screen was not sufficient 
to allow the use of tracing paper directly applied to the 
screen as had been hoped for. Instead, the image had 
to be photographed. 

For this purpose the horizontal scan of the tube was 
slowed. By duplicating part of the internal time-base 
circuit of the oscilloscope externally, and incorporating a 
switch in parallel with the capacitor in this circuit, it was 
possible to release single pulses, the beam slowly travers- 
ing the screen as the capacitor charged. The pulses were 
released with the cutter under load. The camera, which 
with shutter open was focused on the screen from the 
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other end of a tubular light-tight box, recorded both the 
trace during cutting and the horizontal baseline trace 
when the feed was discontinued and the capacitor dis- 
charged to return the beam. Although the rate of scan 
of the beam across the tube was not uniform, depending 
upon the non-linear rate of charge of the 8uF capacitor 


usage, and was representative more of the standard 
machine tool likely to be found in any machine shop than 
the special tool kept solely for testing purposes in a 
machine tool laboratory. Due to wear the feed of the 
machine was in regular surges, and the trace showed 
humps characteristic of this defect. At the position of 
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Fig. 3. The oscillator and metering circuit 
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in the external circuit, the results obtained were good 
enough for comparative analysis, a typical trace is shown 
in Fig. 5. 

Calibration of the tube was by static straining of the 
dummy arbor in the torsion machine, the beam being 
triggered at each position of strain (Fig. 6). 

Examination of the traces showed that it would be 
possible to employ a recorder with a frequency response 
of 100c/s. A Kelvin Hughes dynamic strain recording 
unit was coupled into the circuit in place of the oscillo- 
scope, and with this instrument it was possible to feed the 
outer limbs of the E-shaped core directly, giving two 
balanced inductances. The unbalance of these induct- 
ances under strain of the mandrel was measured by the 
recorder. 


Typical Results 

The tests were carried out on a machine which had 
been in use for six years in the College workshop. It 
had been subject to the normal wear and tear of student 
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Fig. 5. A typical oscilloscope trace 





Fig. 6. Calibration of tube by static straining of dummy arbor 


feed where the teeth disengaged, vibrations of cutter and 
table resulted in pronounced oscillation, an effect which 
had its results in a noticeably wavy finish on the approach 
surface of the work. Fig. 7 shows two recorder traces, 
one for a 4in side and face cutter, the other for a 24in 
roller mill with helical teeth. 

It can be seen that without helical teeth the cutting 
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Fig. 7. Recorder traces from cutting of side and face cutter (a) and roller mill (b 


An Electronic Seat 


A contract has been placed by the British Overseas Airways 
Corporation with Standard Telephones and Cables Limited 
for the supply and installation of an electronic system which 
will provide ticket selling offices throughout U.K. and Europe 
with up-to-the-minute information on the availability of air- 
line seats on all flights operated by B.O.A.C. The system will 
also give information on the flights of other airlines associated 
with B.O.A.C.; in each case the information will be available 
for flights over a period up to 20 weeks ahead. 

Initially, a central magnetic drum store of flight informa- 
tion in Airways Terminal, Buckingham Palace Road, London, 
will serve about 100 sales personnel using special keying sets 
within the Terminal Building itself. It is planned that this 
installation will be ready for service in the latter part of this 
year. Later, the system will be extended, using telegraph 
circuits, to various points in London including London Airport. 

Further geographical extensions over standard telegraph 
channels will be made quickly to large centres in the United 
Kingdom such as Birmingham, Belfast, Manchester, Leeds, 
Glasgow and then to a number of cities in Europe. 


There are four main parts to the system: 


(a) The Sales Clerk’s Desk Set: there will be a large number 
of these sets at Airways Terminal and at sales offices 
throughout the U.K. and the continent. 


(b) The Controller's Desk Set: there will be several of these 
sets at the central control point in Airways Terminal. 


(c) The Supervisor's Console: in Airways Terminal. 
(d) The Information Store: in Airways Terminal. 


THe SaLes CLERK’s Desk SEI 

Each sales clerk within the system has access to a push- 
button unit for interrogating the computer store. He has a set 
of “flight plates” which are thin metal plates with standard 
flight information printed on both sides. These plates are sup- 
plied periodically from the control centre and show the pattern 
of flight information for 20 weeks ahead. 

When the clerk receives an enquiry he selects the appro- 
priate plate, which contains details of related flights, and inserts 
this into the desk unit, Notches in the plate operate micro- 
switches in the unit and identify the plate and the side which 
is being studied. 

The clerk then presses buttons on his desk unit correspond- 
ing to the departure and arrival points on the sector of the 
route in question. He also presses buttons corresponding to the 
date and class for which a booking is required. 

Having thus set up the interrogation formula he presses 
his ASK button which sends this interrogation code at high 
speed to the central processing equipment. This information 
store can indicate one of three conditions for each flight on 
the flight plate: ‘open for sale’, ‘ request’ (i.e. where limited 
seats only are available) and ‘ waiting list’. These replies show 
up as a pattern of lamps on the clerk’s unit as green, red/ 
green together, or red respectively. A fourth condition where 
no lamps are lit indicates that the flight for various reasons is 
not available for sale. The availability status of up to 10 flights 
per interrogation on a given plate can be brought up for con- 
sideration by the clerk simultaneously. For example, where 
10 flights operate to a common destination on the day interro- 
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torque is much more irregular than with helical teeth. 
This is to be expected, since the ‘snatch’ effect is much 
less. 

By using a planimeter to integrate the area under the 
recorded trace, the horsepower absorbed in cutting is 
easily found. This result is not affected by any oscillation 
of the cutter or table. Indeed, a good part of the experi- 
ment is to draw the line of cutting torque, and distinguish 
the characteristic oscillation of the arbor as a vibration 
additional to this. This vibration, and its possible effects 
on surface finish, can be investigated. The apparatus can 
also be used to demonstrate the effects of ‘climb cut’ 
and ‘up cut’ milling on torque, vibration, and horse- 
power absorbed. 


Reservation System 


gated the seat availability situation on these 10 flights will be 
presented simultaneously. 

The mode of interrogation is extremely simple and enables 
the sales clerk to offer alternative available accommodation 
where that originally required by the passenger is not available. 
Ascertaining seat availability conditions on adjacent dates is 
carried out by merely depressing the new date button. Details 
of the transaction are then sent to the appropriate space 
control unit by telegraph messages where they are converted 
into orthodox punch card records. 

THe ConTROL CLERK’S Desk Ser 

The control clerks are located in Airways Terminal and are 
responsible for keeping the status information for all flights 
up to date in the magnetic drum information store. These 
clerks note incoming bookings and cancellations and when a 
flight is fully booked or booked up to a predetermined figure, 
they change the flight status information in the drum store 
accordingly. 

The control clerk’s key set is similar to that of the sales 
clerk but has additional buttons for feeding the magnetic drum 
of the information store with “coloured light” status on any 
or all of the flights on any flight plate. 

By pressing his acr button, the control clerk cancels the 
existing information in the drum store and ‘ writes-in’ the new 
status information so that sales clerks’ interrogations will 
always yield the correct answers. 

The system permits the control clerk to revise flight status 
in approximately one second and from this moment the revised 
information is available for any subsequent interrogation 
throughout the network. The ability to reopen a fully booked 
flight on which a number of cancellations have been en- 
countered represents one of the most substantial benefits to 
B.O.A.C. from installing this system. 

THE SUPERVISOR'S CONSOLE 

The supervisor’s console contains keys which enable him 
to initiate any of 12 different computer programs. Two pro- 
grams have been described: these are initiated by the sales 
clerks and control clerks when they press the aSK and acT 
buttons. The supervisor’s equipment includes a key set for 
amending and checking information stored in the drum. 

The other main programs initiated by the supervisor are: 

Automatic daily up-dating of availability information as 
each day’s flights become redundant. 

Storage of address and ‘ open for sale 
flights are included. 

Verification procedures for checking the positions and align- 
ment of information on the drum store. 

THE INFORMATION STORE 

Two drums will constitute the Information Store. 

The drums to be used have 1 000 bit positions on 320 tracks. 
This method of storage allows simultaneous reading and 
writing on many tracks. 

Flight status records are written along drum lines each of 
which consists of a number of track positions along a common 
angular position. The length of a record is therefore deter- 
mined by the number of tracks which it occupies. 

The central electronic assembly is fully transistorized and 
the power supplies are specially stabilized. 


condition when new 
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COLD-CATHODE TUBE CIRCUITS FOR 
AUTOMATION 


By R. S. Sidorowicz*, A.M.LE.E. 


(Part 3) 


(Voir page 196 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 203) 


OSCILLATORS AND MULTIVIBRATORS 


An important function in automation systems is per- 
formed by cold-cathode oscillators and multivibrators, 
especially when their operation can be controlled by an 
external signal (pulse, bias or anode voltage). Such cir- 
cuits may perform a purely auxiliary function, such as 
testing the operation of the equipment, or they may be 
switched on for the purpose of generating a specified 
number of pulses. Further, sometimes they may be re- 
quired to generate a time waveform (clock pulses) if their 
stability is deemed sufficient. 

The simplest oscillator is shown in Fig. 26. This cir- 
cuit was described in detail in an earlier article’. Here, 
it will only be mentioned that the oscillator gives output 
pulses of about 50V amplitude and its maximum opera- 
ting frequency (with R = 3-3MQ and C = 0-OluF) is 
about 50c/s. The opera- 
tion of the circuit can be 
controlled by connecting 
R to the anode of a 
capacitively coupled bin- 
ary of the type shown in 
Fig. 11. 


A more complex oscil- 
lator is shown in Fig. 27. 
This consists of a_ uni- 
vibrator (Vi, Ve and V3) 
and a pulsing tube (V4) 
whose charging network 
RC is controlled by the 
anode voltage of V3. The 
trigger-cathode gaps of V2 
and V, are permanently 
kept aglow by the voltage 
provided from the anode of V;. The operation of the circuit 
is as follows. When V2 is conducting, V3; is extinguished and 
its anode voltage is V» = 180V. The capacitor C of Vs 
is therefore charged through R. When the voltage on C 
reaches a suitable potential, V, fires and produces a pulse 
across its cathode resistance. The pulse ignites V; and 
results in the extinction of V2 Also, V, is extinguished 
because its anode potential is reduced to Vam. However, 
V;: re-ignites when its anode voltage reaches Vas. Conse- 
quently, V3; is extinguished and C can charge again until 
V, breaks down. The output pulse produced at the cath- 
ode of V, has an amplitude of about SOV. With the 
values of the components indicated in the diagram the 
circuit operates at a frequency of about 3c/s. The mini- 
mum values are Rmin = 220kQ. and Cmin = 0-OluF; with 
these the oscillator operates at about 200c/s. The trigger 
biasing resistance Rr can be varied from 1-0MQ to 2-2M2. 


0180OV 








Fig. 26. Simple relaxation 
oscillator 
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It should be realized, however, that the amplitude of the 
output pulse is to some extent affected by the value of Rr. 


A simple multivibrator circuit is shown in Fig. 28. The 
circuit is based on a capacitively coupled binary, except 
that the triggers of both the tubes (V2 and V3) are kept 
permanently aglow. When the supply voltage is switched 
on, the trigger of V2 is struck first, since it immediately 
receives the full voltage. V2 is therefore ignited and its 
anode voltage becomes Vam = 70V. Vs becomes con- 
ducting a few milliseconds later, since its trigger voltage 
is ‘ slowed-down’ by the presence of the 0-00S5uF capaci- 
tor. When Vs fires, V2 is extinguished due to the presence 
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Fig. 28. Two-tube multivibrator 


of the quenching capacitance C. However, the voltage 
at the anode of V2 gradually rises until it reaches the 
striking potential Vas of the tube. Consequently, V2 re- 
fires and V3; is extinguished. Again, when the anode 
voltage of V; reaches Vas, V3 becomes conducting and V2 
is extinguished. The circuit is not suitable for work with 
cold-cathode circuits, because its peak output amplitudes 
(taken across the cathode resistors) are about 20V. The 
frequency of the oscillator can be varied by changing C. 
With the values indicated in Fig. 28, the frequency is 
about 4c/s. The lowest possible value is C = 0OluF 
which gives the maximum frequency of 250c/s. 
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Fig. 30. Four-tube symmetrical maultivibrator with three pulse outputs 


A multivibrator with two pulse outputs is shown in 
Fig. 29. The circuit consists of a capacitively coupled 
binary (V3; and V,) and two pulsing tubes (V2 and V;) 
whose triggers are permanently ignited by the anode volt- 
age of V:. When the supply is switched on, V3; is in- 
stantly ignited since its trigger voltage temporarily rises 
to above 90V. The voltage across the anode capacitor 
C2 rises to Vas at which V; fires. A pulse is therefore 
produced at the cathode of V; and this fires V,. The 
ignition of V, results in the extinction of V:, whereupon 
the anode capacitor of V2 is charged through R:; from the 
anode of V;. When the voltage across C; reaches Vas, the 
pulsing tube V2 becomes 
ignited and the pulse pro- 
duced across its cathode 
resistor restrikes V;. Con- 


and V;), whose triggers are permanently primed through 
Ry from the anode of V;, and a resistively coupled in. 
verted binary (V; and V,). When the circuit is switched 
on, V3 is first ignited since its trigger receives higher initial 
voltage than that of the trigger Vs. A potential of about 
40V is therefore established across the common cathode 
resistance (Ry = 39kQ). The capacitor C, is now charged 
through R, from the anode of Vs When the voltage 
across C, reaches Vas = 130V, the pulsing tube V; fires 
and a pulse is produced across its cathode resistor. This 
fires V, and results in the extinction of Vs. The charging 
and ignition process is now repeated in the pulsing circuit 
of V2. This results in the re-ignition of Vs and the ex- 
tinction of Vs. For each pulse produced at the cathodes 
of V2 and Vs, a pulse is generated across the common 
cathode resistance of the binary. The output amplitudes 
of the pulsing tubes are about SOV, while the pulses of 
the binary have an amplitude of about 65V. The mini- 
mum permissible values of the components are: Ri = Rs 

1-0MQ, C, = C2 = 001uF; with these values the multi- 
vibrator operates at about 70c/s. 


A free-running square-wave generator is shown in Fig. 
31. The circuit is based on a pulsing binary (V2 and Vs) 
of the type shown in Fig. 13 and two pulsing tubes (V; 
and V,) whose charging networks are connected to the 
cathodes of Vz and Vs. The triggers of the pulsing tubes 
are permanently primed from V;. When the circuit is 
switched on, Vs; is first ignited and its cathode voltage 
rises to about 70V. The potential of the point between 
680kQ and 560k is thus also raised and the anode capaci- 
tor of V, gradually charges to the voltage Vas 120V, 
at which V, breaks down and generates a pulse at its 
cathode. The pulse ignites V2 and results in the extinc- 
tion of V;. Now the anode capacitor of V; charges to 
V as. 
which re-ignites V; and causes the extinction of Vo. 


When V; fires it produces a pulse at its cathode, 
The 
circuit generates almost rectangular pulses at the cathode 
of V2; the rise-time of the pulses is of the order of several 
microseconds; the trailing edge of the pulses is equally 
steep except for its lower portion (about 4 of the total 
amplitude) which decays exponentially with the time- 


constant of 1-Omsec. The amplitude of the pulses is 
about 50V. With the values of the components indicated 
in Fig. 31, the generator operates with the mark-to-space 
ratio of 1:1 and produces pulses of SOmsec duration. 


NuMICATOR Drive CIRCUIT 


In general the Numicator tube will be used as a digital 
indicator of the state of a counting decade. However, 


Fig. 31. Free-running square-wave generator with three outputs 





sequently, V, is extin- 
guished and C, is charged 
again until Vs; strikes. The 
output pulses of the multi- 
vibrator have an ampli- 
tude of about SOV. With 
Ri = R2 = 220k) and 
Ci = C. = 0-0OluF (these 
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are roughly the minimum 








values) the multivibrator 
oscillates at about 150c/s. 

A multivibrator with 
three separate pulse out- 
puts is illustrated in 














Fig. 30. It employs 














two pulsing tubes (V2 
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special tubes with letters, ‘plus’ and ‘minus’ signs or 
decimal points are possible. These tubes require a special 
drive circuit. Sometimes it is possible to design a special 
counter decade which will drive a digit tube directly, but 
very often it is necessary to employ 10 additional tubes 
apart from the counter. Several different drive circuits 
for digital read-out tubes have been described by H. 
Liebend6rfer™ and McLoughlin and others”. However, 
these are not suitable for working with the tubes indicated 
in Table 1. 

A digital-tube drive circuit based on the cold-cathode 
triodes, type XC18, is shown in Fig. 32. The circuit 
consists of a counting decade similar to that of Fig. 14, 
except that the cathode resistances are increased to 
(56 + 27)kQ, the anode resistance is reduced to 22k0 
and the cathode capacitors are 0-02uF. The first tube 
of the decade is an XC24, one of whose triggers is used 
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cular digit. The circuit of Fig. 32 employs a relatively 
large number of tubes. However, it is a comparatively 
simple circuit in that it is based entirely on cold-cathode 
tubes and requires but little auxiliary equipment (half- 
wave rectifier). 


Some Applications- Examples of Cold-Cathode Tube 
Systems 

The circuit elements described in the preceding sections 
can be used to design a variety of systems. The number 
of cold-cathode tubes employed in these systems may 
range from tens to hundreds or, perhaps, thousands. It 
is not possible, however, to answer even approximately 
the question as to what extent automation on the basis 
of the cold-cathode tube circuits is technically feasible 
and economically justifiable. It is clear that in those 
situations where large quantities of information have to 
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‘Numicator’ tube 


Digital display tube 


Fig. 32. *‘ Numicator’ drive circuit 


for the purpose of igniting the tube when the circuit is 


switched on. The voltage generated at the cathodes of 
a conducting tube in the decade is in excess of 80V. This 
voltage is applied through 10M) resistor to the trigger 
of the corresponding drive tube which is connected in 
serics with one of the cathode-anode gaps of the Numi- 
cator. The voltage at the trigger is sufficient to establish 
a discharge between the cathode and the trigger, so that 
the anode breakdown voltage of the tube is about 130V. 
The anode of the Numicator is supplied with a half-wave 
rectified waveform derived from a 250V mains trans- 
former. Consequently, the gap of the Numicator which 
is in series with the primed auxiliary tube, will break 
down during the appearance of each peak of the supply 
waveform. The remaining gaps remain non-conducting. 
By shifting the position of the primed tube, various digits 
in the Numicator can be selected in succession. 

The decade of Fig. 31 can operate at frequencies up to 
250c/s. Though the Numicator cannot follow that speed 
(due to the nature of its anode supply), a clear read-out 
will be provided once the counter is stopped on a parti- 
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be evaluated in a very short time, the cold-cathode cir- 
cuits will prove inadequate except, perhaps, as auxiliary 
devices. In other words, the circuits may prove inade- 
quate in high-speed computers. On the other hand, such 
problems as automatic batching, machine positioning, 
electronic inspection, automatic safety control and pro- 
cess timing can be dealt with satisfactorily by means of 
cold-cathode tube circuits. 

The reliability of the circuits, if properly designed, 
should not be inferior to that of other electronic devices 
and their life should be compatible with that of most 
machines. Since cold-cathode tubes are comparatively 
insensitive, very little trouble is to be expected from inter- 
stage pick-up provided that long sections of wires are not 
indiscriminately bunched together. It should also be 
mentioned that where cold-cathode tubes are used to 
operate relays, it is necessary to suppress the inductive 
surges which occur when a relay is switched off. 


In the following an attempt will be made to show how 
the circuit elements can be combined into systems which 
may be suitable for solving automation problems. 
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ELECTRONIC DIAL 


A comparatively simple device capable of generating a 
preset number of pulses is shown in Fig. 33. The device 
consists of a control counter, a pulsing univibrator and a 
delay circuit. When the supply voltage is switched on, 
the circuit automatically assumes its ‘ zero’ position. ‘This 
is characterized by tubes Vz, Ve and Vi being ignited 
and the triggers of Vo and Vp being primed from the 
reference diode, type XC12T. Upon pressing the ‘start 
key’, Va is ignited and Vx is extinguished. The voltage 
of the charging network of Vc is therefore raised and Vo 
produces a train of pulses which successively ignite the 
tubes of the control decade. When a pre-selected tube 
of the decade (V2 in Fig. 33) becomes conducting, a bias 
voltage from its cathode resistor is simultaneously ap- 
plied to Vg and Vr. Consequently, the next pulse from 


Pulsing univibrator 
A 


be produced for each object passing through the system. 
The pulse can be generated by a mechanical switch or by 
a photocell. In machine positioning it is necessary to 
establish a linear relationship between the number of 
pulses fed into the counter and the distance traversed by 
a tool of the machine. It may be convenient to generate 
the pulses by means of a slotted disk (acting as a light 
interrupter) which is attached to the co-ordinate drive 
motor of the machine. When used as a timer the counter 
acts as a preset frequency divider. It is driven from a 
clock pulser which generates a train of equi-distantly 
spaced pulses. In many applications it may be sufficient 
to use the mains voltage (50c/s) as the timing waveform. 
However, when greater accuracy is required, the timing 
waveform can be generated by a stable audio frequency 
oscillator. 


Delay circuit 
A. gene 
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Fig. 33. Electronic dial 


the cathode of Vo fires Vs, Vr and the next tube in the 
decade. The pulsing is therefore terminated and, after 
a delay of a few milliseconds, a pulse is produced at the 
cathode of Vp. The pulse re-ignites Vz and V: and the 
circuit is therefore returned to its initial position. 


A number of pulses obtained at the cathode of Vo can 
be controlled by the ‘ number-of-pulses switch’. If more 
than ten pulses are required the control counter chain 
can be extended. The maximum speed obtainable from 
the circuit (with R = 33M and C = 0OluF) is about 
50 pulses/sec. 


CONTROLLED COUNTERS 


The operations such as batching, machine positioning 
and process timing can be carried out by cold-cathode 
tube counters, if the latter are furnished with suitable 
control circuits. In the case of batching a pulse has to 
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A method of building up a controlled counter is illus- 
trated by the block schematic of Fig. 34. Basically, this 
represents a batch counter, but with some modifications 
it can be used as a position controller or a process timer. 


In describing the system it will probably be best to 
mention first what the system can do and then describe 
how it is done. The objects to be ‘ processed’ by the 
counter of Fig. 34 are grouped into batches of two sizes, 
A and B. The size of a batch can be varied from 1 to 99 
by means of two decade switches. The sequence of 
batching up to 10 batches can be controlled by means of 
a set of switches; for instance the batches can be arranged 
in the following orders: AABABAAABB, or ABABAB- 
AAAB etc. An output pulse is produced at the termination 
of each batch and the number of batches (up to ten) is 
recorded on a counter. After executing the programme, 
that is counting ten batches in a pre-selected order, the 
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system produces a pulse which can be used to block its 
input stage and thus terminate the counting process. The 
‘end-of-batch’ and ‘end-of-programme’ pulses can be 
employed to control the operation of the mechanical 
system which handles the objects that are being batched. 

The batching counter consists of the following units: 
a gating binary (similar to that of Fig. 12), a pulse 
amplifier which is gated by the binary (see Fig. 3), two 
delay circuits (see Fig. 7), gated pulse amplifiers A and B 
(see Fig. 3), two X AND Y circuits (see Fig. 22), an X or 
Y or Z circuit (see Fig. 19), an X or Y circuit (see Fig. 
19), two counting decades (see Fig. 14), a ten-position shift 
matrix (see Fig. 24), and an additional counting decade 
(see Fig. 14). The system is also fitted with a simple Sc/s 
oscillator and a push-putton operated pulser which are 
employed for testing and checking. 


When the system is switched on, all the circuit elements 


External puises eS 











to the two decades, the position of the conducting tubes 
is gradually shifted forward. After every ten pulses the 
units decade is returned to its zero position. After 75 pulses 
the reset circuit A is biased at both its inputs. It is there- 
fore triggered by the delayed pulse from the amplifier A 
and then restored to its original position by the pulse from 
the second delay circuit. As a result of this operation an 
output pulse is produced by the reset circuit; this is applied 
to the two or circuits, Now the output pulse from the X 
OR Y or Z circuit resets the counter to zero, The reset- 
ting occurs at about 6msec after the termination of the 
75 input pulse. The output pulse from the X or Y 
circuit shifts the matrix by one step forward and operates 
the ‘ number-of-batches ’ counter. If, after the termination 
of this batch (A =75), the matrix is again biasing the ampli- 
fier A, another batch of 75 will be counted. However, if the 
amplifier B is biased (and the amplifier A is inoperative), 
the count will be terminated by the reset circuit B after the 
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Fig. 


are automatically set in their zero positions, The gating 
binary is set so that no bias is applied to the gated ampli- 
fier and, consequently, the system is blocked. It can be 
made operative by triggering the binary. The pulses from 
an external source (or the oscillator) are then shaped in 
the gated amplifier and actuate two delay circuits (7, = 
T, ~ 3msec). The pulses from the amplifier also drive the 
units decade and, through the terminal stage, the tens 
decade. The pulses from the first delay circuit are applied 
to the gated amplifiers A and B; only the the amplifier 
which receives a bias voltage from the shift matrix pro- 
duces output pulses. The biases from the cathode circuits 
of the units decade and the tens decade are applied to two 
reset circuits which are in the form of X anp Y logic gates. 
The output pulses from the reset circuits are combined in 
the X or Y logic circuit and in the X or Y or Z circuit, 
where the third input is taken from the terminal stage of 
the units decade. 

Assume now that the first reset circuit is set at 75, that 
is one of its bias inputs is connected to the 7" cathode 
circuit of the tens decade and the 5 cathode of the units 
decade; reset circuit B is set at 43. Further, initially only 
the gated amplifier A is biased. As the pulses are applied 
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pulses 
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34. Programmed batch counter 


acceptance of 43 pulses. Further input pulses are batched in 
accordance with the sequence preset on the shift matrix. 
After ten batches the matrix is restored to its initial posi- 
tion and a pulse is produced by the terminal stage of the 
‘ number-of-batches ’ counter. The programme of batching 
can now be repeated, or the output pulse from the batch 
counter may be used to reset the input binary and thus 
block the system. 


The batching counter of Fig. 34 can be extended easily. 
In particular, it is possible to introduce additional reset 
circuits, if more than two batch sizes are required. In this 
case it is necessary to ‘expand’ the matrix vertically, 
unless the batches are to be counted in a fixed order and 
the matrix can be dispensed with altogether. By adding 
more counting decades it is possible to increase the size 
of the batches, but the reset circuits should be * expanded ’ 
so as to accommodate more inputs (see Fig. 23). The 
counter of Fig. 34 can operate at speeds up to 100c/s, 
which will be adequate in most automation systems. 


The counter can be used, almost without modifications, 
aS a process timer. For this purpose a train of timing 
pulses (repeated for instance at the rate of 10p/s) is applied 
to the input amplifier, The first pulse of the train can 
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initiate a process, This will continue until the counter is 
reset by one of the reset circuits. Another process whose 
duration is controlled by the other reset circuit may then 
be initiated. The two processes can be repeated in accord- 
ance with the sequence pre-determined by the matrix. More 
complex timing sequences can be arranged by providing 
the counter with additional reset circuits and expanding 
its matrix. However, if only a fixed sequence of timing 
processes is required, it is possible to dispense with the 
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Fig. 35. 


matrix and employ a simple counter for providing the 
biases to the gated amplifiers. In general, the ‘ batches 
counter’ will not be necessary in a process timer. 


The principle illustrated in Fig. 34 can be used to design 
an equipment for the co-ordinate positioning of machines, 
but it appears that in this case it will be advisable to 
employ a reversible counter. This will probably necessitate 
the increase in the number of logic circuits for each con- 
trol stage. 

ELECTRONIC INSPECTION UNIT 

An example of the application of the cold-cathode tube 
circuits to automatic inspection is shown in Fig. 35. The 
equipment performs the following functions. When the 
object to be inspected moves into a suitable position, a 
starting pulse A is produced. This switches on a set N of 
photo-resistors (photo-sensors). The object then moves into 
a different position and another starting pulse is generated 
which switches on another set of N sensors. If all the 
sensors in both test positions receive correct illumination, 
the tested object is passed on as satisfactory. If the output 
of one of the photocells is low, the object is rejected. 


The inspection unit of Fig. 35 consists of the following 
elements: two binary supply circuits based on XC23’s (see 
Fig. 11), two sets of photo-sensors of N elements each, a 
bank of N double-binary circuits, an N-input or circuit 
(see Fig. 18 or 19), an A or B circuit (see Fig. 18), a delay 
univibrator (see Fig. 7), an N-pulse counter with N pulse 
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Double inspection device 


outputs (see Fig. 17), a bias-gated pulser (see Fig. 33), a 
pulsing binary circuit (see Fig. 13) and an A AND B logic 
gate. A detailed diagram of the double-binary circuit with 
photo-sensors is shown in Fig. 36. 

The operation of the system is as follows. When the 
first supply binary is actuated by the initiating pulse A, 
a potential of about 180V appears across the first set of 
N_ photo-resistors. If the photo-elements are suitably 
illuminated, voltages higher than Vis (trigger breakdown 
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potential) will appear across the resistors R: of the pHoto- 
element load (see Fig. 36). These voltages will ignite one 
set of left-hand tubes in the bank of the double binaries 
(see Fig. 36) and result in the extinction of the right- 
hand tubes. The biasing voltages will therefore be 
removed from the N-input or circuit. A delayed pulse is 
then produced by the univibrator. This will actuate the 
gated pulser and result in the generation of N pulses at 
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N cathodes of the counter. The pulses will scan the N- 
input or circuit, but since all the biases are removed, no 
output pulse will be produced. The terminal stage of the 
counter will reset the whole circuit and also actuate the 
pulsing binary. However, if at least one of the photo- 
resistors is not adequately illuminated, the bias will be 
left on one input of the or circuit and a pulse will be 
produced which will actuate the A aNpD B circuit. 


When the ‘scanning’ of the first set of photo-resistors 
is completed, the second initiating pulse can be applied. 
The second set of photo-sensors is thus switched on and 
the scanning process is repeated. Again, if one of the 
photo-sensors ‘reads’ low, a pulse will be produced by 
the or circuit. When the second scanning is terminated 
all the circuits of the system are reset to their original 
position. A pulse is therefore produced by the pulsing 
binary; this pulse marks the termination of the inspection 
process, The pulse will also reset the A AND B circuit, 
if it has been triggered by the pulses from the or circuit, 
and thus produce a rejection pulse. The ‘ end-of-inspec- 
tion’ and rejection pulses can be used to control the 
further handling of the tested object (through suitable 
relays). 

It may be mentioned that it is not necessary to have 
N photo-resistors in each inspection set. For instance, 
there can be N cells in the first set and M elements in the 
second set (N > M). However, the number of binaries will 
have to be N, except that (N — M) of them will contain 
two tubes (instead of the normal three). If sub-miniature 
cadmium-sulphide cells are used as photo-sensors, one 
supply binary based on a pair of XC23 can easily feed up 
to 10 cells. It should be clear that for N > 10, it is possible 
to include two or more supply binaries. The delay between 
the starting pulses and the commencement of the scanning 
should be about 0-Isec. This is principally due to the 
considerable inertia effects exhibited by the CdS photo- 
resistors. If a gated pulser of the type shown in Fig. 33 
is employed in the inspection unit, the maximum scanning 
will be about 30 to 40p/s. The speed can be increased 
by using a modified version of one of the faster oscillators 
(see Figs. 27 and 29). 


At this stage it may be convenient to add a few general 
remarks on the design of automation systems based on the 
cold-cathode circuits. Obviously, the first requirement is 
that the designer should be thoroughly conversant with the 


TABLE 2 





CHARACTERISTIC | DETAILS 





. | Amplification, delaying, pulse combining, 
counting, waveform generation 


Subminiature and miniature cold-cathode 


tu 
Resistors : 45% 
+20% 


Functions 








Components .. 
mostly 4W_ dissipation, 
250V_ d.c. 


tolerance 
Capacitors: 
tolerance 


Speed .. ‘ce 100c/s average (500c/s maximum) 
| +180V stabilized 


working, 











Supply source 








Contactors, switches (limit, proximity, 
micro); photocells 


Input devices 





Output devices | Relays, power valves and thyratrons 





Batching, timing, co-ordinate positioning, 
inspection, safety devices 


Self-indicating, self-starting 


Applications .. 














Special features 
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circuits. Secondly, it is necessary to know exactly what 
a given system is required to do. This condition is not as 
easy to meet as it may appear, since more often than not a 
designer may be handed a rather vague specification by 
somebody who is not fully aware of the possibilities 
offered by electronics. The next stage in the design will 
consist of dividing the system into a number of suitable 
functional units, Each unit will then be designed in 
detail, Next, the whole system thus designed is reviewed 
and an attempt is made to introduce as many simplifica- 
tions as possible. It will generally be found that during 
the reviewing of the primary design, the number of circuit 
elements and tubes will be reduced quite appreciably. It 
may then be advisable to subject the systems to another 
revision. 

As a matter of curiosity it may be mentioned that a 
fairly obvious, though not particularly significant, simplifi- 
cation can be introduced in the batching counter of Fig. 
34. No doubt, the reader will have little difficulty in spot- 
ting the redundant element. 


Concluding Remarks 


It will be convenient to summarize the main charac- 
teristics of the circuits and the systems built from them. 
This is done in Table 2. A few words of clarification may 
be necessary as regards the self-starting feature of the 
circuits. It was mentioned that all the circuits set them- 
selves into their rest position upon being switched on. 
However, some of the circuits produce pulses when they 
are first switched on. In a system consisting of a number 
of circuit elements, these pulses will be applied to various 
tubes. If it happens that some of these tubes receive a 
bias voltage on being switched on, an undesirable firing 
of the tubes may occur. The situation can be remedied by 
dividing the circuits into two groups. First, all the circuits 
which generate pulses are switched on, and then (after a 
suitable delay) all the remaining circuits. Alternatively, it 
is possible to arrange by means of RC networks that the 
biases to those tubes which are likely to be triggered are 
suitably delayed. . 

It is seen that all the circuits are provided with trigger 
resistors (usually, 100kQ). Very often these resistors are 
omitted and, indeed, the life of the tubes will not be signi- 
ficantly affected by this simplification, However, it is neces- 
sary to point out that by omitting the resistors, the load 
on all the pulse sources will be increased. 


When designing a cold-cathode tube system it may he 
advisable to include some simple test facilities. These will 
usually take the form of a simple relaxation oscillator or 
a push-button-operated pulser (see Fig. 34). Such auxi- 
liaries may prove very valuable in that the system can be 
slowly tested stage by stage and visually inspected. Also, 
the oscillator can be employed to carry out the preliminary 
ageing of the equipment in order to eliminate the initial 
failures of the components. 


The article has been primarily concerned with what may 
be referred to as ‘ large-scale applications ’ of cold-cathode 
tube circuits. It is therefore necessary to point out that 
the circuits can prove very useful in many simple devices, 
such as: delay switches, timers, waveform generators, low- 
frequency oscillators, relay drive circuits, indicator systems, 
short- and open-circuit detectors, delay systems and even 
simple toys. 
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A TRANSISTOR MULTIVIBRATOR 


By B. Rakovich*, Ph.D. 


An emitter-coupled free-running multivibrator is described. The durations of quasi-stable states are 

controlled by the charging and discharging of one timing capacitor. This circuit provides a suitable 

means of generating symmetrical and unsymmetrical rectangular waveforms with short transitions 

from one stable state to another. Another useful feature is that this circuit can generate rectangular 
pulses of fairly good shape at very low frequencies. 


(Voir page 336 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 342) 


N conventional types of transistor multivibrators, as well 

as in multivibrators with thermionic valves, the main 
difficulty in obtaining satisfactorily shaped rectangular 
waveforms results from the influence of the cross-coupling 
capacitors. The integrating effect of these lengthens the 
rise- and fall-times of the waveforms at the collectors of 
the transistors. This effect is more pronounced when the 
period of the oscillations is long due to large values of the 
cross-coupling capacitors. 

There are several methods for the reduction of the inte- 
grating effect of the cross-coupling capacitor'**4, A very 
efficient one consists in connecting the cross-coupling 
capacitor not. directly to the collector, but through a 
common collector stage*. This method is well known and 
has been used for a considerable time with thermionic 
valve multivibrators. Another possibility consists in using 
combined npn and pnp transistors in series connexions in 
both branches of the multivibrator circuit‘. However, in 
both cases the improvement in waveform can be achieved 
only at the expense of greater complexity of the circuit. 

It is interesting to note that there are only a few refer- 
ences on emitter-coupled multivibrators in the existing 
literature®**. In these arrangements, however, the signal at 
the collector of one transistor is not directly involved in 
the regenerative loop, so that no integrating effect is present 
at that collector. Hence, this collector makes an ideal 
point from which to obtain an output voltage. 

An emitter-coupled free-running multivibrator, which 
does not seem to have been described yet, will be dealt 
with in following sections. At one collector symmetrical 
or unsymmetrical rectangular waveforms are produced 
having short rise- and fall-times. At the collector of the 
other transistor the waveform is not rectangular and there- 
fore this circuit can be used only in those applications in 
which rectangular pulses of one polarity only are required. 


Description of the Circuit 

The emitter-coupled multivibrator to be described is 
shown in Fig. 1. When transistor V7; conducts, V7: is 
cut-off, and vice versa. In principle, the durations of both 
quasi-stable states depend on the magnitudes of the time- 
constants Cy Rm and CwRw, as well as of the other circuit 
parameters. But, if the circuit is designed so that the tran- 
sistors do not saturate when conducting, the time-constant 
CwRw should be much greater than the duration of the 
stable state in which transistor V7. is on, CwRmw > 7». 
Otherwise, a noticeable distortion in the flat tops of rect- 
angular output pulses will result. In that case the durations 
of the quasi-stable states are controlled by charging and 
discharging of the timing capacitor Cy: in the base circuit 
of VTi. 

When V7; conducts, its base current charges Cy. In the 
second quasi-stable state, when V7; is cut-off and VT: 
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conducts, Cy discharges through the resistor Ry. Under 
the condition that V7; does not saturate when conducting, 
the wave shapes at different points of the circuit are as 
shown in Fig. 2. 


CHARGING OF THE CAPACITOR Cy 

Neglecting the voltage drop between emitter and base 
leads of the conducting transistor V7, the equivalent 
circuit for computing the charging period of Cy takes the 


Pe e 
ge 





v7, 
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Fig. 1. The circuit of the multivibrator 


simplified form shown in Fig. 3. To determine the currents 
ist, i; and i, the following equations can be written: 
Voo — Reia — Roi: = 0 
is/Cu = Rw (dii/ dt) 
ig = ia (1 — a) — Loo — ts 
Eliminating i; and iz: 
R»ill +R, V Roilco: 
dia | dt + —_ — °) ‘eee <= A a = 
CuRuke CuRuRe 
The solution of this equation is: 
Ves + Roilcor 
= —_______ _—__ + K exp(-¢ 
Rul a) + R. ? P( I71) 
— CR Re | 
x Rul — a) + R. 
charging circuit of the capacitor Cy and K is an integrat- 
ing constant. ; 
The constant K can be determined from the initial 
condition : 


ia 


where 7; = the time-constant of the 


(iecht=o = V’/Re = ie 
where ia is the emitter current of V7; when this transistor 
is on. 
Therefore : 
Veo + Roalcor 

K = (V’/R,.) —- ———_—_"—""—-.. . 
/ Rul _ a) + R, 
and: 
b Veo + Roileoi _ 


Ryi(l — 2a) + Re 


Veo + Roeilecor 2 
ig = — —+] ie - 
Rw(l—2«)+R. 
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The collector voltage of V7,, when this transistor con- 


ducts, is equal to: 


Veo + Roilcor 
Ve ey V cc R. > , 
, Saft: * Rul a) + Re 


° Veo + Rol cor 
Ral be - —— 
Rw a) +R 


The voltage at the base of V7; is: 


vng = - Vic + aR thet + Rie (ive 























j*— 7|-—->< 


Fig. 2. The collector, base and emitter waveforms 


This relation is valid under the assumption that the 
time-constant in the base circuit of V7: is much greater 
than the duration of the stable state in which V7, con- 
ducts, CyeRw > 7i. In the above equation ir, is the base 
current of V7, when this transistor is on, This quasi- 
stable state, i.e. the charging period of the capacitor Cm 
will terminate at the instant when the base voltage equals 
the common emitter voltage: 


Veo 4 aReiie + Rw (ine 1.02) 


Finally, from equations (7) to (10): 


, os 
(R, + aRa)l ie - — 
Rul 


+ Roiloor 
a) + R, 


(Veo+ RvileoMRe+ Re) 


Ti log 


Vox Rrelire I .02) 


Rul a)+ R. 


ee 

The numerator of the expression on the right-hand side is 
positive. Consequently, a necessary condition for oscilla- 
tion is as follows: 

pi Veo + Roileor 

" Rul 
Stability conditions imply that the left-hand side of this 
inequality should be much greater than the right-hand side. 
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Fig. 3 (eft) Equivalent circuit for computing the charging period of the 


capacitor C,. 


Fig. 4 (right) Equivalent circuit for computing the discharging period of the 
capacitor C,, 


This imposes the limitation for the smallest value of the 
resistor Rp. 


DISCHARGING OF THE CAPACITOR Cp: 

The capacitor Cy: discharges during the second quasi- 
stable state in which V7 conducts while V7; is cut off, 
because of the inverse polarization of its emitter-base 
junction. The equivalent circuit for computing the dura- 
tion of the discharging period of Cm is shown in Fig. 4. 
This period is not only controlled by the discharge of Cn 
through Ry, but also by the base current which flows when 
VT; is cut off. The current ig can be determined by the 
equations: 

=... eer, oe 
ir + Leo 
in = K exp(—t/72) 
where 7+ CR» is the time-constant of the discharging 
circuit and K is the integrating constant. The constant K 
depends on the initial condition of Cw: 


V. Vv” 


K + Teor .. (15) 


Rw 
where V” is the base voltage of V7; at the end of the 
charging period of the capacitor Cy: 
V” = (Votan = Ve = — Re(iei)=7: 
R(Vco+ Rol cor) 
Ryuill—a)+R- 


R.| ie cot Reslen exp( — 71/7) 
Ryw(l—a)+Re 


.. (16) 


Therefore, the base voltage of V7, during this quasi- 


stable state is: 
a” - 
Veo + Ro ~ + Deas 
Ry 


exp( t/r2) Rol coi er 


Voi Veo + Roiirz 


Fig. 5. Multivibrator output waveforms 
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Vor = —Voo+ (Voc —V” + Roil coi) exp(—t/r2) — Roileoi 


The discharge of Cy: terminates at the instant when the 
base voltage of V7: equals the common emitter voltage. 
Then a new cumulative process starts bringing the circuit 
back to the first quasi-stable state: 


Vai = —Vect+(Vio— Vv" + Royal cor) exp( _ T2/ 72) - 
Roileor = — Redes 
Consequently, it follows that: 
Veo — V" + Roealcor 


T: = rz: log — = se 
~~ Veo — Relea + Roilcor 


Experimental Results 

The waveforms at different points of the multivibrator 
are shown in Fig. 5. The experiment was carried out with 
pnp transistors type 2N414. The other circuit parameters 
were as follows: R,. = 2kQ, Ra = Re = 8200, Rn = 
82kOQ, Re = 20kON, Cu = OO uF, Cre = 2uF, Vee = —9V. 
Frequency of oscillations: lkc/s, Rise- and fall-times of 
the rectangular waveform at the collector of V7: about 
0-Susec. 

The ratio of the durations of the quasi-stable states was 
varied over a large range by changing the resistor Rp. 

By changing the value of the capacitor Cm the period of 
oscillations can be varied while keeping the ratio 72/7; 
unchanged. This is in accordance with equations (11) and 
(20) showing that 7; and 7: are directly. proportional with 
Cn. 

Another characteristic of this multivibrator, which is of 


importance for some applications, is that the circuit is 
suitable for generation of symmetrical and unsymmetrical 
waveforms of fairly good rectangular shapes at very low 
frequencies. With Cm = 300uF, Cr = 3000uF and with 
other circuit parameters unchanged a period of 30sec was 
obtained. 


Conclusion 

Emitter-coupled multivibrators provide very suitable 
means of generating rectangular waveforms. In that sense 
they have distinct advantages over the more conventional 
multivibrator circuits. 

In the circuit described in this article, the duration of 
the quasi-stable states are determined by charging and dis- 
charging of one timing capacitor. This circuit can generate 
symmetrical and unsymmetrical rectangular pulses with 
rise- and fall-times less than Ipsec. In unsymmetrical 
operation a high ratio of the durations of quasi-stable 
States can be achieved. 

Finally, another important feature of this circuit is that 
it can generate rectangular waveforms at very low fre- 
quencies. During the experiments a period of oscillations 
of 30sec was obtained, but there is no reason to believe 
that an even longer duration could not be obtained. 
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Simple Display of Television Receiver Response * 


There are several methods known by means of which a 
television receiver may be made to display its own 
response curve (e.g. British Patent No. 633081) but a 
much simpler apparatus may be used than previously. has 
been described. 

The response curve is simply a graph representing the 
output voltage of the receiver at a test frequency as a 
function of the test frequency. 

As in previous methods, the frame scan of the receiver 
may be used as one co-ordinate of the display if the test 
oscillator is frequency modulated with a sawtooth wave- 
form at frame frequency. 

In order to develop the other co-ordinate (i.e. the 
response of the equipment at the test frequency), it not 
being convenient to modulate the amplitude of the line 
scanning oscillator, it is necessary to produce a time delay 
dependent on the output voltage of the receiver and to 
change the intensity of the cathode-ray tube beam at this 
time after the beginning of the line scanning stroke. 

The apparatus required, in addition to the frequency 
modulated oscillator, consists of a short grid base, high 
slope pentode to the grid of which is fed both the receiver 
output signal and the line scanning voltage as shown in 
Fig. 1. The valve is arranged to be either conducting or 
non-conducting. The time of transition between these two 
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states being dependent, therefore, upon the amplitude of 
the response signal. The output from the anode of this 
valve is fed to the cathode-ray tube to modulate the beam. 

In practice, a separate valve need not be used if the 
vision amplifier valve is of a suitable type, in which case 


Fe cre RARE <n 


Grid of 
ine output 
stage 


Video 
output 
disconnected 
from crt 


The method of modulating the cathode-ray tube 


cathode) 


Fig. 1. 


a means of feeding the line scanning voltage to its grid 
need be employed only. 

The response curve will be represented on the screen as 
the boundary between the light and dark areas. 
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The CANTAT 
Submarine Cable 


System 


T the beginning of last month 

H.M.T.S. Monarch left Oban, 
Scotland to lay a submarine telephone 
cable to Canada. This cable is to 
form the first section of one of the 
most ambitious communication sys- 
tems ever proposed, namely the 
Round-the-World Commonwealth 
Submarine Telephone Cable and will 
be known as the Anglo-Canadian 
Transatlantic Telephone or CANTAT. 
It is expected to be in operation by the autumn of this 
year. 

It will be recalled that the first transatlantic telephone 
cable' known as TAT |, linking the United Kingdom with 
Canada and the United States was completed in Septem- 
ber 1956. This was a joint undertaking by the British 
Post Office, the Canadian Overseas Telecommunication 
Corporation and the American Telephone and Telegraph 
Company. The deep sea section was laid between Oban, 
Scotland, and Clarenville, Newfoundland, and consisted 
of two separate submarine cables some 1950 miles in 
length for the two directions of transmission with 51 
repeaters. It provided 29 telephone circuits between 
London and New York, six similar circuits between 
London-New York and London-Montreal for telegraph 
and other reduced bandwidth purposes. 

From Clarenville to Sydney Mines (Nova Scotia) was 
a single cable some 270 miles in length providing 60 
circuits, and incorporating 16 two way repeaters. Of these 
60 circuits, 36 were for use with the transatlantic sys- 
tem, and the remaining 24 circuits were intended for 
local use between Newfoundland and the Canadian main- 
land. 

Connexion from Sydney Mines to the mainland was 
made by a microwave link terminating near St. John, 
where it connected with the main Canadian and American 
telephone networks. 

A second transatlantic telephone cable’ known as 
TAT 2 was completed in September 1959. It was in all 
respects a replica of TAT 1 and was laid between Claren- 
ville, Newfoundland and Penmarch on the French Atlan- 
tic Coast. It was a joint undertaking between the Ameri- 
can Telephone and Telegraph Company and the French 
and German Telephone administrations and it provided 
36 circuits between New York and Paris and Frankfurt. 

Following earlier discussions in London it was decided 
at a Conference at Ottawa in 1957 that a new submarine 
cable system providing 60 circuits should be laid between 
Canada and the United Kingdom under the joint owner- 
ship of Cable and Wireless Ltd and the Canadian Over- 
seas Telecommunication Corporation. This led to a 
further proposal at the Commonwealth Telecommunica- 
tions Conference in 1958 that a Round-the-World Com- 
monwealth Telephone Cable system should be planned 
and that the Anglo-Canadian cable CANTAT should 
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The routes taken by the cables including those planned to Iceland 


form the first link. The total length of the cable system 
would be some 32000 miles and the cost about £88M, 
half of which would be borne jointly by the Post Office 
and Cable and Wireless Ltd. The remaining cost would 
be borne by the administrations of the Commonwealth 
countries linked by the cable. 

The second stage of the Commonwealth Telephone 
Cable Scheme is to consist of a similar cable across the 
Pacific Ocean, linking Canada with Australia and New 
Zealand, a distance of about 8 000 nautical miles. Orders 
for cables and repeaters for this COMPAC section’ have 
already been placed and the scheme is expected to be 
completed in 1964. From Vancouver the cable will be 
laid to Honolulu, Fanning Island, Suva, Auckland, New 
Zealand and thence to Sydney, Australia. 

Details of the return section from Australia to the 
United Kingdom have not yet been settled but it is prob- 
able that the route will be from Perth, Western Australia 
to the Cocos Islands, Penang, Colombo, Bombay (with a 
spur to Karachi), Seychelles; Mombasa and Durban 
where it will connect with the internal network of the 
Union of South Africa. The final leg will be from Cape 
Town, St. Helena, Ascension, Bathurst, Gibraltar and 
finally to the United Kingdom. 


The CANTAT Cable 

The route of the CANTAT Cable is shown in Fig. 1. 

The main deep sea crossing will be from Oban, Scot- 
land to Hampden at the head of Whitebay, Newfound- 
land. This section, some 2100 nautical miles in length, 
will, except for the shore ends, consist of the new light- 
weight cable designed by the Post Office and manufactured 
by Submarine Cables Ltd. 

On this section 90 submerged repeaters will be required 
together with seven equalizer sections. The repeaters are 
of the British rigid design used originally in the Claren- 
ville-Sydney Mines section of the first transatlantic 
telephone cable (TAT 1) and manufactured by Standard 
Telephones and Cables Ltd. 

From Hampden the route will continue across New- 
foundland for a distance of about 70 nautical miles to 
Cornerbrook with a screened submarine cable and four 
repeaters, and from Cornerbrook to Grosses Roches on 
the Canadian mainland, a distance of about 400 nautical 
miles a further lightweight submarine cable with 20 re- 
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peaters will be laid by the new Post 
Office Cable Ship Alert. 

The cable and repeaters on this 
section have been manufactured by 
Submarine Cables Ltd. and have a 
capacity of 120 circuits. Sixty of 
these channels will be used for the 
CANTAT route, and the remainder 
for use between Newfoundland and 
the Canadian mainland. 

At Grosses Roches, a microwave 
link will connect the CANTAT system into the Canadian 
telephone network. 


RESISTANCE | 
UNIT ’ 


CABLE CONSTRUCTION 

The deep sea section between Oban and Hampden will 
consist of the new unarmoured lightweight coaxial cable 
designed by the Post Office. 

The strength member, which is essential to withstand 
the tension set up in laying and recovery operations, con- 
sists of a central core of a high-tensile non-twisting steel- 
wire strand around which is wrapped the inner conductor 
of coaxial cable proper and this is formed from a copper 
tape tightly box-seamed in a longitudinal direction on to 
the steel strand. 

Polythene insulation is then extruded on to the con- 
ductor after which the outer coaxial conductor of alumin- 
ium tape is wound. A thin film of polythene is wound 
over this and a further aluminium tape interleaved with 
polythene film is applied to form a screen. 

The cable is completed with a layer of impregnated 
cotton tape and an outer sheath of polythene about 
1/10in thick. The overall diameter of the cable is about 
Ijin. The cable make-up is shown in Fig. 2. 


REPEATER EQUIPMENT 

The new lightweight cable has an attenuation of about 
two-thirds of the original TAT cables, so that fewer re- 
peaters will be required. Unlike the TAT systems where 
cables and unidirectional repeaters were used for each 
direction, a single cable will be used for both directions. 


> 


Fig. 2. The new lightweight coaxial cable 
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Fig. 3. The rigid two-way repeater 


The repeaters for the CANTAT cable are similar in 
mechanical design to the Post Office type repeaters laid 
between Clarenville and Sydney Mines on the TAT 1 
and TAT 2 systems (see Fig. 3). 

Considerable improvements have however been made 
in the electrical performance of the new repeaters. The 
major features being: — 

(1) A new and improved long life valve is being em- 
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Fig. 4. The frequency allocation 


ployed which results in a reduced supply voltage to each 
repeater. 

(2) A new monitoring network is incorporated by 
means of which possible faults in the repeater can be 
located. The network provides facilities for the first time 
for the location of a wideband noise fault. 

(3) The insulation of the unit has been increased so 
that the repeater can now operate continuously at SkV 
to earth. 

(4) Means have been included to prevent possible high 
voltage surges at the repeater terminals from damaging 
the repeater components. 

The amplifier unit consists of two three-valve ampli- 
fiers in parallel with a common negative feedback net- 
work. A fault in either amplifier circuit will not signifi- 
cantly affect the performance of the repeater as a whole. 

The power supply equipment at the shore end of the 
cable supplies a direct current, stabilized to within one 
per cent, to the central core of the cable for filament and 
anode supplies of the repeaters which are series connected 
and have power separating filters. 

In normal operation each terminal equipment supplies 
half the total voltage required of about 10kV so that the 
voltage above earth of any repeater varies from SkV at 
the shore ends to zero at the midpoint of the cable. 

The frequency band of the CANTAT system extends 
from 50kc/s to just over 600kc/s. The band from 60 
to 300kc/s is to be used for traffic in the direction from 
Cornerbrook to Oban and the band 360-608kc/s in the 
reverse direction. 

The allocation of the channels is shown in Fig. 4. 
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An Improved Voltage Stabilizer 


By A. K. Chatterjee*, M.S., Ph.D., K. V. Ramanan* and B. S. Rao* 


In an amplified degenerative type of voltage stabilizer, two stages of d.c. amplification are often used 

in the shunt control circuit to improve stabilization with respect to output voltage fluctuations. In 

the present article it is shown that input compensation, introduced in the suppressor grid of the 

second d.c. amplifier valve results in very high stabilization with respect to input voltage fluctuations. 

Considerations in the design and the improvements in performance of the input compensated 
stabilizer are discussed. 


(Voir page 336 pour le résumé en frangais: Zusammenfassung in deutscher Sprache auf Seite 342) 


HE degenerative type of voltage stabilizer is capable 

of giving very high stabilization for input voltage 
fluctuations provided it is possible to have optimum input 
compensation. The screen of the shunt control valve has 
been employed in the past for providing input compensa- 
tion'; but the performance has been far from satisfactory 
because of the critical adjustments and limitations inherent 
in this type of compensating circuit’. 

It has been observed that as the suppressor grid bias of 
a pentode approaches the cut-off value, it has effective 
control over the anode current. This is due to the forma- 
tion of a virtual cathode before the suppressor grid which 
then acts like the control grid of a triode*. The above 
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Fig. 1. The stabilizer employing both input and output compensations 

















phenomenon has been utilized to provide input compensa- 
tion for mains fluctuation in degenerative types of stabi- 
lizers, It has been established‘ that in the case of a degenera- 
tive type of stabilizer employing a single stage of d.c. 
amplification in the shunt control section, the suppressor 
input compensated type has superior performance over the 
screen-input compensated circuit in all respects, The 
arrangement employing the suppressor grid enables the 
screen to be fed from a stabilized supply which is desir- 
able to avoid large fluctuations in the gain of the control 
valve. There is usually a tendency for over compensation 
in the screen input compensated circuit and the adjustment 
of the screen grid potential to secure optimum compensa- 
tion, is extremely critical and generally differs from that 
required for the proper quiescent screen voltage. Even a 
slight deviation from the optimum adjustment is found to 
affect the stabilization adversely. These inherent disadvan- 
tages have been completely eliminated in the suppressor 
grid controlled stabilizer. In the present article the above 
principle has been extended to a degenerative stabilizer 
employing two stages of d.c. amplification. 

The method of introducing the input compensation and 
the effect of the feedback factor have been discussed. The 
improvement in the performance of the stabilizer has been 
indicated on the basis of experimental results. 





* Birla Engineering College, Pilani, Rajasthan (India) 


ELECTRONIC ENGINEERING 


Theoretical Analysis 
Fig. 1 shows the block schematic diagram of a stabilizer 
employing both input and output compensation. 


E; = 1,Ri + Evs + Ep 
where EF; = Source voltage, 
E. = Output voltage, 
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Fig. 2. Suppressor-grid controlled voltage stabilizer for 250V output 


R:= Source resistance, 
Exw= Anode-cathode voltage of the series tube, 
I, = Load current. 
Taking the differentials of equation (1): 
AE; = Al.(Ri + Tas) — Msgs + AE, 
where ras = a.c. anode resistance of the series valve 
Ms = amplification factor of the series valve 
and egs= grid-cathode signal of the series valve. 

AE, and AE, are incremental changes in source voltage 
and output voltage respectively. AJ, is an incremental 
change in load current. 

Now: 

€gs = —Aiaz AE, — A2B AE, 
where A; refers to the total gain of the d.c. amplifiers for 
signals due to output changes and A: refers to the gain 
between suppressor and anode of the second d.c. amplifier. 
a and £8 are the output and input feedback factors. 
Also: 
AE, = AE; — AloRi 

Substituting equations (3) and (4) in (2) yields: 

Stabilization factor s = [AE;/AE,] 4; ~ » 

1 + MsAia 
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Fig. 3. Suppressor-grid-anode transconductance for 6AU6 


and output impedance R, = —[ME./ Alo] AE, = 0 
ve Tas + Ril ~ UtsA2f) 
ri 1 + bsAis 


From equation (5), the condition for infinite stabilization is 
given by: 





ps AoB = 1 
The gain A2 may be expressed as: 
raRi 
a ee a 
where gus: = suppressor-grid-anode transconductance 
ra = anode resistance 
and Ry = load resistance. 


So, for given values of r, and 
Rx, there exists an optimum 
value of gms which will yield 
infinite stabilization. Further- 


output impedance as can be seen from equation (6). Type 
6AU6 sharp cut-off pentodes are usedfor d.c. amplification. 
The load resistors of IMQ yield maximum gain. The out- 
put feedback factor a is made nearly equal to unity by em- 
ploying a VR150 and a VR90 in series with the cathode 
resistor of 6kQ, since the total fluctuation of the output is 
almost confined across the cathode resistor. The nominal 
input is 370V, the limits of input variation being 300 to 
440V. By adjusting the tapping point of the grid bias of the 
first d.c. amplifier on the 100k© potentiometer, the required 
output of 250V can be obtained. The control grid bias 
needed for the second d.c. amplifier for the nominal opera- 
ting point was found to be —2-8V and the screen voltage 
was 75V. In order to maintain the series valve bias at the 
same value when the suppressor is made negative, the con- 
trol grid bias has to be made less negative and —2-5V has 
been found to be an optimum value. To decide upon suit- 
able operating bias for the suppressor grid, the suppressor 
grid-anode transconductance gm; for a 6AU6 was measured 
for various anode voltages and suppressor grid voltages at 
a control grid bias of —2-5V and a screen potential of 75V. 
A plot of this parameter is given in Fig. 3. Fig. 4 gives the 
constant gms contours derived from Fig.3 and plotted on the 
suppressor bias-anode voltage plane. A dynamic charac- 
teristic relating the suppressor and anode voltages was 
obtained experimentally under the above operating condi- 
tions and has been plotted on the contours of Fig. 3. A 
suppressor bias of —30V is found to yield the nominal 
operating point and the required series valve bias. The 
value Of gm3 at this point on the dynamic characteristic is 
found to be 9-5 micromhos. This operating point is satis- 
factory as it is midway between the points at which the gms 
value deviates far from that at the nominal operating point, 
Since there is an input variation of 70V on either side of 
the nominal operating point and since the dynamic charac- 
teristic crosses the 8 micromhos contour at bias values of 
—12 and —48V (i.e. equal swing of suppressor bias from 
the nominal operating point for equal change in the value 


Fig. 4. Constant g,,, contours of suppressor grid for 6AU6 
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more, equation (6) shows that 
the output impedance: 
Tos + Ri 


R, = ————— 
1 + psAie 


when there is no input com- 
pensation. When there is 
optimum input compensation 
yielding infinite stabilization, 
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Performance 
The experimental regulator 
circuit is shown in Fig. 2. 





The 6AS7 twin triode is used 
as the series valve since its 
low anode resistance of 2802 
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of transconductance of gms), the nominal operating point 
can be fixed at a suppressor bias of — 30V. 

In order to satisfy the infinite stabilization condition at 
the chosen operating point, the input feedback factor 8 
has to be adjusted. In the present case, gms = 9:5 micro- 
mhos and r, as measured at the nominal operating point = 
0-27MQ. Substituting these values in equation (8) gives 
Az = 2-02. Since ys = 2 for the 6AS7, 8 = 1/404 from 
equation (7). This value of £ will satisfy the condition of 
infinite stabilization at the nominal operating point. 

In the circuit of Fig. 2, the suppressor has to be at 2 
potential of 75V with respect to ground in order to have 
a bias of —30V. A simple resistive potential divider will 
yield a 8 of 75/370 = 0-203 only, which is far less than 
that needed for infinite stabilization. Hence a regulator 
tube in conjunction with a potential divider arrangement 
has been used. Switch § at position 2 gives the suppressor 
input compensation. In position 1, the circuit is the normal 
output compensated type. If a VR75 is used as shown, 
8 = 75/(370—75) = 0-254. This is quite satisfactory. 

To predict the performance of the set up, ra has been 
measured at several points on the dynamic characteristic 
and Az has been calculated therefrom. The results are given 
in Table 1. 

For input variations from, 300 to 440V, the suppressor bias 
will vary from —47-6 to —12-4V. It can be seen from Table 
1 that throughout this range, the value of (1 — usA2f) is 
fess than 1 and that infinite stabilization occurs in the 
middle range with a slight tendency for over compensation. 
Experimentally it has been observed that there is no notice- 
able over compensation. The discrepancy is due to 
experimental errors in the values of gms and r,. Thus the 
chosen operation must yield high stabilization over the 
whole range of operation. 


Experimental Data and Theoretical Verification 
STABILIZATION Factor S 


To compare the relative performances of the simple and 
suppressor controlled stabilizers, the ripple outputs for a 


Fig. 5. Operation characteristic of the stabilizer 
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Fig. 6. Operational characteristic of the stabilizer 


constant input ripple have been measured at various d.c. 
input voltages and the results are given in Table 2. 

The increase in stabilization at higher input voltages, i.e. 
370 to 420V in both the cases is because the control grid 
and suppressor grid become less negative with increase in 
the input voltage which results in an increase of the gain. 


OPERATION CHARACTERISTIC OF THE STABILIZER 
The d.c. output voltage has been measured under no-load 


TABLE 1 
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condition for various input voltages and the results are 
plotted in Fig. 5. The changes in output voltage for load 
current variations in the range 0 to 100mA have been 
measured at a nominal input of 370V and plotted in Fig. 6. 
These experimental results confirm the theoretical predic- 
tions regarding stabilization and output impedance. The 
experimentally measured values of output impedance are 
0-062) for the case of no input compensation and 0-042 for 
the suppressor input compensated set up. 


Conclusion 

The experimental observations supported by theoretical 
prediction confirm the advantages anticipated from the 
application of input compensation to the suppressor grid in 
the degenerative type of voltage stabilizer. The method of 
compensation described in this article can be quite easily 
set up and can be added to any existing regulator to im- 
prove its performance. The addition of this compensating 
unit has the advantage that it can be put into commission 
without affecting appreciablythe other operating conditions 
of the circuit. By changing the voltage regulator tube or by 


A Precise Length Measuring System 


Length measuring systems can be divided broadly into two 
types. the digital or incremental, and the analogue or 
proportional. 

A scale calibrated in discrete steps, a pile of slip gauges. 
or a diffraction grating, are of the incremental type; while 
proportional systems are represented by the screw thread and 
nut, or the wound helix or similar patterns. The advantage 
of the incremental system is the high accuracy of successive 
steps, but each step must be counted and stored, and the loss 
of one is a continuous error. The analogue method has one 
unique indication of position, but it is difficult to manufac- 
ture the measuring elements to the very high precision 
required. 

The system developed by Reilly Engineering Ltd is claimed 
to have the advantages of both systems and the disadvantages 
of neither. It gives an analogue representation of position 
using an incrementally constructed measuring element. The 
standard form of measuring element consists of a series of 
accurately made cylinders insulated from each other, threaded 
on to a tie-rod and cemented and clamped together with 
sufficient pressure to make the composite bar straighter and 
stiffer than the equivalent solid bar. 

Other forms of construction are a series of flat electrodes 
mounted on an insulating base, or formed in metallizing on 
the surface of glass or ceramic. The length may be increased 
indefinitely by joining units end to end. The system also lends 
itself to circular measurements in which the electrodes are 
segments of a circle in conjunction with a rotating interpola- 
tion electrode. 

If each segment of the measuring bar is connected to a 
precise voltage dividing transformer, the voltage between each 
segment is equal, and a very small pick-off electrode, close to 
but not touching the row of segments so that it has a capa- 
citance to them, will increase in potential in a series of steps 
as it is moved along. If the pick-up electrode is made the 
same length as the segments, it will act as a differential capa- 
citor and interpolate continuously between the voltage on the 
individual segments. 

To avoid making very accurate measurement of voltage. 
the circuit is constructed as a bridge so that the position of 
the pick-up relative to the row of segments is compared with 
the position of a tap on a transformer. 

The position of the head is indicated by adjusting the taps 
on the transformers until the potential of the interpolating 
electrode is seen to be zero by a centre zero meter. The 
number of taps on the transformer can be increased indefinitely 
by a series of cascaded decade units. This process may be 
continued to sub-divisions of 100000 parts or more, and the 
null indicating meter calibrated to give much smaller incre- 
ments, For example, if the shaft is designed to measure 10in, 
there may be six decades, the first having 10 steps of lin 
and the last ten steps of 0-000 Olin. The meter may be calibrated 
+0-000 lin f.s.d. and the smallest readable movement will be 
about 1 per cent of fuil scale, or 0-000 00lin which is the 
sensitivity of that particular model. 
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completely eliminating it, any required input feedback 
factor can be obtained. This flexibility of altering £ alone, 
without changing the operating conditions, makes it feasible 
to have any amount of compensation. It has been verified 
experimentally in the present set-up, that the use of a 
VR105 or VRISO instead of the VR75 for the same sup- 
pressor bias of —30V, results in over compensation which 
demonstrates the effect of increased 8. Thus the method 
of applying input compensation using the suppressor grid 
is found to have far-reaching applications. 
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The system may be used in a number of ways. A dimen- 
sion may be set on the switches and the head moved on the 
shaft until the meter reads zero, or the head or shaft may be 
moved, and the switches made to drive themselves into 
balance automatically, so that they continuously monitor the 
movement under observation. The dimension may then be dis- 
played on large number lamps and in a remote position. 
Because the output of the bridge is a phase conscious system 
which always indicates the direction which it is necessary to 
move to restore balance, and has a signal proportional to the 
displacement, it is an ideal signal for automatic positioning 
systems. It will enable a device to be positioned at any 
desired speed and give any amount of warning as to when 
the balance position is approached so that slowing is 
achieved at the optimum time. 

Because of the bridge construction, a standing signal can 
be introduced into the circuit which is an exact part of the 
carrier supply. This is set by a second set of switches and 
constitutes a zero offset, so that the indicated zero can be 
anywhere on the transducer. 

Individual transducers can be calibrated so as to give a 
corrected reading at imtervals. This is a permanent built-in 
feature making it possible to correct for errors in manufac- 
ture, and produce very high accuracy results. With this 
arrangement it is also possible to partly correct for errors in 
slideways to which the transducer is attached. With the more 
accurate applications it will always be necessary to make the 
final adjustment to the calibration in situ, Transducers are 
normally made from steel, but can be in any material, brass, 
ceramic, or Invar to suit the particular application. 

A range of transducers and indicating instruments designed 
on the principles outlined above is manufactured by Reilly 
Engineering Ltd of Guildford, Surrey. They are available for 
measurements between lin and 100in with accuracies from 
00003 to -OO0lin according to size 


A 20in transducer and seven digit display equipment 
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Versatile Feedback Amplifier for Computers, 
Laboratories and Industrial Use’ 


The experimental work on electronic amplifiers carried out in connexion with the design and construc- 
tion of the E.R.A. network analyser has shown the convenience and economic saving that may be 
effected by carrying a stock of a few types of standard units. 
The design of such standard units is discussed in detail. An orderly procedure for converting them to 
Satisfy given requirements is described and illustrated by an example. 


(Voir page 336 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 342) 


Frage oer are present in much electronic equipment, 
A given type of amplifier, forming a sub-unit of a 
larger equipment is often mass produced at low cost. 
However, the diversity of requirements met in various 
applications is so great that no single type of amplifier 
has been mass produced as a separate general purpose unit. 
Such amplifiers as are separately available are, therefore, 
relatively expensive, while the number of types required 
to cover the most frequent needs of a development labora- 
tory makes stocking difficult. 

It is clearly impossible to attain complete versatility in 
any single low-cost unit. However, with the development 
of feedback technique, it appears quite feasible to cover 
the majority of requirements in a given frequency. band 
by means of no more than two or three types of unit 
which could then become standard stock items. Available 
‘off the shelf’, any such unit could be converted to suit 
a given application by wiring-in one or two additional 
components. 

This article describes the design and performance of two 
types of ‘stock’ amplifiers and presents a simple method 
of modifying them to give the desired characteristics. 


Stability and Linearity 
The total output of a physical amplifier having a sine 
wave input must in general be represented by a Fourier 
series based on the input frequency. The transfer function 
(output divided by input) is therefore also an infinite 
series. The first term in this series represents the funda- 
mental frequency component of the complex gain, the 
remaining terms are the conversion gains. The series may 
be expressed as: 
A’ = Ae*®’ + DA 

where A’ = total forward gain (infinite series). 

A” = Ae” = complex fundamental frequency gain. 

D = total distortion coefficient. 


None of these quantities is constant. D depends mainly on 
the output level. The phase shift—or phase deviation—@ 
depends mainly on frequency, The modulus of the gain, 
A, depends on frequency and time, the time dependence 
being due to the time variation of the operating condi- 
tions, component values, etc. 

If a fraction 8 of the output voltage be reversed in phase 
and fed back into the amplifier input, then the composite 
overall gain G’ becomes: 

A’ 


a = Get 
ayy Ge” + dG 


G’ = 


* This article is based on an E.R.A. Report by J. Miedzinski and S. A. Patel", 
former employees of the E.R.A. It has been written in its present form by Mr. P. G. 
Kendall a member of the staff of the Association. 

+ With A’ defined as the gain before the application of feedback, if a change of 
forward gain occurs with the application of feedback, as may be the case, the actual 
value of forward gain in the presence of feedback has to be used. 
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The ratio of the total gains before and after the applica- 
tion of feedbackt, A’/G’=1+ 8A’=B’, will be termed the 
total feedback ratio. The value of this ratio at mid-band 
frequency is denoted by B.. Any small but finite deviation 
of gain or phase-angle represented, say, by A will be 
reduced by feedback to a new value 6 = A/B.. 

The feedback ratio B, is a direct measure of improve- 
ment in performance obtainable by reducing the mid-band 
gain from A, to Go. It is readily seen that 6/Go = A/ Ao. 
Such quantities, termed normalized gain (or phase) devia- 
tions, are independent of feedback, thus providing useful 
figures of merit, or rather de-merit, for a design. For 
example, a modification which results in doubling the 
value of A, gives a net improvement of gain stability only 
if the value of A for a given change of operating condi- 
tions be less than doubled at the same time. 

The total output of an amplifier contains also the noise 
and hum voltages, say Vx and V, without and with feed- 
back, It can be shown that in most cases Vx/Ao = Va/ Go, 
i.e. the effective noise voltage at the input is independent 
of feedback. 


Conditions of Versatility 

The desirable characteristics of a voltage amplifier are 
that it should transform an input signal at low voltage and 
high impedance into an output signal at high voltage and 
low impedance with the desired gain and the minimum 
of phase-shift. If these characteristics are to be achieved 
in a single unit capable of covering a wide range of 
applications by simple modification, then the following 
design features have much to recommend them: 


(1) Input to the grid of a valve, preferably having some 
cathode degeneration. 


(2) At least two stages of voltage amplification. 


(3) Cathode-follower and/or a step-down transformer 
output. 


In addition, the amplifier must be capable of working 
with a large amount of overall feedback, i.e. a high loop 
gain. This restricts the number of significant time-con- 
stants in the loop, hence more than two stages of voltage 
amplification and/or transformer coupling should be 
avoided if a design is to remain simple. 

The above considerations indicate a design based on a 
two-stage voltage amplifier, followed by a cathode-follower 
output stage, with provision for feedback from the third 
to the first cathode. This is known as the ‘ring of three“ 
amplifier and forms the basis of the design considered in 
this article. 

In developing a single convertible design, the specifica- 
tions to be met should be analysed and the most onerous 
conditions found. The concept of normalized gain devia- 
tion is useful for this purpose. The stock amplifier must 
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satisfy the most onerous value of each normalized devia- 
tion of gain or phase-angle. 


Design of a Stock Amplifier 

An existing stable, wide-band amplifier’, was modified 
to provide an amplifier to satisfy the above requirements. 
About thirty amplifiers were made and found to be very 
successful. As a result, an order was placed for a further 
120 units. At this stage the design was revised to take 
advantage of the experience gained by the use of the 
earlier type, the availability of better components and the 
regulated power supplies of very low output impedance‘ 
which had been developed. 

Features such as negative bias, double-level h.t. line and 
d.c. heaters were excluded to reduce cost and complexity 
of equipment in which the amplifiers were to be used. 
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Fig. 1. Arrangement of amplifiers type VA 
Broken lines show optional components not wired in stock units type VA-P 


The circuit diagram of the modified amplifier is given 
in Fig. 1. The main features of the design are as follows: 


(1) Since the amplifiers are used with low-impedance 
power supplies, no h.t, decoupling is needed. 


(2) The only full, low-frequency, time-constant is that 
between V; and V3. As a result, screen by-pass capacitors 
may be safely used. This also permits the grid leak of 
V: (R:) to be returned to its cathode*, diluting the effect 
of d.c. drifts in V; which might otherwise put V: outside 
its linear working range. 


(3) The input valve should be a pentode so that the 
high anode impedance reduces the transfer of signal be- 
tween cathode and anode. The EF86 was chosen for its 
low values of microphony and hum. The choice of V+ is 
not critical and it was made the same as V; for uniformity. 


(4) The output valve must have a low output impedance 
at a low current drain (i.e. a high gm/J, ratio) and good 
linearity. Type 5A/163K had the lowest impedance of five 
valve types tested in this respect. In addition, its cathode- 
heater rating of 150V allows a signal of 35V r.m.s. plus 
100V d.c. on its cathode with an earthed heater supply. 


(5) Fine gain control is provided by RV2. The range of 
this control is about 44 per cent when R; > 10k2. 

(6) The feedback resistor R: comprises two series 
resistors Rn and Rr to make it easier to achieve a value 





* This connexion introduces an I. f. time-constant in the feedback circuit (R,C,). 
fm ~\- coe of this constant depends on the output impedance of the source 
‘ceding V,. 
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within the range of the fine gain control using only stan- 
dard 10 per cent tolerance (high stability) resistors. 

(7) Where unity gain is required, Ry ~ 0 and it is neces- 
sary to equalize the cathode potentials of V: and Vs by 
introducing a potential divider between V2 and V; similar 
to that between the first two stages in the standard design. 


(8) The calculated normal gain is the product of that of 
the three stages, ie. 22 x 20 x 0-:99— 440 on no load. 
The long term gain stability, A., is +7-4 per cent for a 
load of 2kQ and +5-2 per cent with a load greater than 
200k2. 


Construction, Cost and Performance 

The amplifiers are wired in a chassis 5}in long by 34in 
wide by 2in deep, with a front panel 3in high. No attempt 
was made at miniaturization; on the contrary, ample space 
is left for additional components and for good heat dis- 
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Fig. 2. Frequency response of amplifiers type VA 


sipation. The cost of a unit in small-scale production was 
£9 each, with valves but without power supplies*. 

A typical frequency response (amplitude) is shown in 
Fig. 2 (curve VA-P). 

Tests on three amplifiers gave good agreement with the 
calculated values, except at the lowest and highest fre- 
quencies. The lowest frequency, 50c/s, is outside the 
working range. The discrepancy here is caused by the 
screen decoupling capacitors which are not fully effective 
at this frequency, The discrepancy at the highest frequency 
is caused by Miller capacitance at the input to the second 
stage. Much better agreement is obtained if an anode-grid 
capacitance of about O-SpF is assumed in making the cal- 
culations. Since the capacitance across the anode load of 
the first stage, where the Miller capacitance appears, is 
usually increased to obtain the necessary staggering of the 
h.f. time constants, the performance of the amplifier after 
conversion is not affected. 


The specification was met except for the phase-shift per 
unit gain which was more than twice too large. This could 
have been a serious drawback in a more conventional 
design, but here large undecoupled cathode resistors pro- 
vide an easy means of h.f. phase correction, e.g. by shunt- 
ing R; with a suitable capacitor Cy. This capacitance is 
omitted from the stock design since it is required in very 
few units only. 

In the absence of h.t. decoupling between the stages, the 


* The cost of a stabilizer capable of driving four amplifiers is £12 (cf. Ref. 4). 
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amplifier becomes unstable when the h.t. supply impedance 
exceeds 3k{22.. However, a suitable decoupling could easily 
be provided to permit the use of unstabilized supplies. 


Conversion of Stock Amplifiers 
PROCEDURE 


The stock amplifier may be modified to meet any suit- 
able specification, using the following procedure: 


(1) The feedback ratio B, is found first from the known 


value of A, and the required value of G.. Some 
stability coefficients (e.g. 4.) are determined by B, 
and the corresponding coefficients of the stock 
amplifier. These should be checked against the 
specified values. 


(2) The modified time-constants that will satisfy the 
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most important part of the specification may be 
found from the graphs of Figs. 3 to 6. 
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Fig. 3. Loci of constant maximum relative gain G.. 


If these are physically realizable, they may. be used 
to determine completely the performance of the 
amplifier. 

When a significant discrepancy with the specification 
is met, the earlier parts of the design have to be 
modified. Some compromise and successive approxi- 
mation procedure may be inevitable. 


EXAMPLE 


This procedure may be elucidated by the example cf 
conversion to a low gain, high stability amplifier. The 
specification was: 


G. 2°31, @=~0° at w = 10 
bo > +0-1 per cent 


dr > +1 per soca, 
@ > +5° 


for 10 < w < 10° 


Gm }>15 Bandwidth >} 200c/s 
Load: 2k? 
Supply: 320V, highly stabilized, 


Note.—The requirements for 5, and @ must be satisfied: 
those for Gm and bandwidth are only indications of 
preference; 5; > 1 per cent is admissible, but 2 per cent 
must not be exceeded. 
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(b) Frequeny for amplitude deviation © = —1 per cent 


DESIGN 
For the stock amplifier, 
Ao = 440; Ao = +7°4 per cent; G, 
hence: 
B, = 191; Ao/Bo = do = 0-04 per cent 
Gm = 1:5 and B, = 191 give S ~ 90 (Fig. 3) 
B, and S give F, = 16°5 (Fig. 6, equation (19)) 
hence the principal h.f. time-constant is: 
r=Fi jw = 16°5/10° = 16Susec 
The existing time-constants are 3usec and 3-Susec in the 
first and second anode respectively. There is some advan- 


tage in a reduction of bandwidth close to the input, hence 
r’ is chosen as 3-Susec. This gives § = 165/3-5 = 47. Re- 
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191 
2 (Fig. 3). This is high but admis- 


calculation of F, using new § gives F, = 164; B. = 
and S = 47 give Gm = 
sible. 

B., S and F = 16-4 for w = 10° give 6; = 2-6 per cent 
(equation (6)). Compensating effect of the stray cathode- 
ground capacitance is expected to bring 6; down to below 
the maximum permissible value of 2 per cent. B. and S§ 
give F,, = 164 (Fig. 5), hence the actual frequency f» = Fv/ 
2er = 164kc/s. 

The above design can be accepted as satisfactory, though 
somewhat marginal*. If the requirements 6; > 1 per cent and 
Gm > 1-5 were mandatory, they could be satisfied without 
great difficulty by means of cathode compensation which 
effectively reduces the value of +’, giving a higher S, or by 
introducing a phase correcting resistance in series with the 
staggering capacitance which must be added to increase the 
time-constant of the first stage to 165usec. 

The required staggering capacitance is 7/Ri where R; 
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is the dynamic anode load in the first stage, the valve being 
treated as a current generatort. Putting Rr = 250k gives 
C, = 660pF less existing anode-ground strays, i.e. C = 
660pF. 

The feedback resistance R; = Rui (1/8 — 1) where Rin 
is the cathode resistance in the input stage and 1/8 = 
Ao/(Bo — 1). 

This gives Ry; = 


1-31 x 10kQ = 13-1kQ. 


PERFORMANCE 

The frequency response of the amplifier is shown in 
Fig. 2 (curve VA-A). The results were rather better than 
the calculated values, as expected, and were completely 
satisfactory. 

The time-dependent gain deviation was tested by artificial 
introduction of very large drifts. The specification for 0-1 
per cent stability was satisfied many times over for any 
drifts of a practical magnitude. Agreement with the calcu- 
lated values was also very good. The tests did not take 
into account gain deviation which might occur due to 
changes in the passive feedback network. Such changes are 
governed by the type of resistors used and the range of 
temperature variation. 


* The |_f. performance can be seen to be satisfactory without calculation. 

+ Ru=paraliel combination of the anode load (330kQ), grid leak (1MQ) and 
anode resistance of the valve (~7MQ in absence of cathode feedback, much higher 
with it) 
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Conclusions 

Substantial economies in time and materials may be 
effected by carrying a stock of one to three standard types 
of amplifier unit. These units can be bulk-produced at low 
cost, can be readily converted so that their performance 
complies with the requirements of any of a large number 
of specifications, and are always ready at hand. 

This policy has been found to be successful in practice, 
because a design procedure has been developed which 
facilitates rapid determination of the modifications which 
are required to satisfy a given specification. 

A number of designs of amplifier have been constructed 
in this way to satisfy a wide range of requirements, and 
have successfully passed a long period of trial in the 
analyser. 
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All the designs so far produced have been for amplifiers 
operating with low-level signals on an output impedance 
of about 40022 (without feedback). Greater versatility 
would be attained by the development of designs for 
amplifiers capable of producing outputs of greater power 
at lower impedance 

The cost and size, which are already. small, could be 
further reduced by recourse to mass-production and minia- 
turization (e.g. by means of printed circuits). 


APPENDIX 
FEEDBACK ANALYSIS 
Method of Approach 


The -elementary and the advanced analysis of feedback 
amplifiers are both fully covered in the existing literature, 
(see Bibliography). The purpose of this section is to facili- 
tate the use of a known, basic method of design by listing 
the relevant formulae and providing sets of curves for 
graphical solutions. It is assumed that a straight amplifier 
of sufficiently good performance is already available. This 
amplifier must have no more than two significant Lf. and/ 
or h.f. time-constants in the path to which feedback is to 
be applied. The design procedure is limited to the problem 
of finding the feedback and staggering components 
required to make the response match a given specification. 
The complete symmetry existing between the effects of the 
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Lf. and h.f. time-constants permits restriction of the treat- 
ment to the h.f. case only. The Lf. solutions can be found 
from the corresponding h.f. results by using the appro- 
priate time-constants and inverting the normalized 
frequency. 

The analysis applies to complete time-constants. If a 
partial time-constant be treated as a complete one, the 
results will be on the conservative side. 

Mathematical expressions are derived in terms of the 
mid-band feedback ratio B., rather than the mid-band 
loop gain BA.. This simplifies the expressions; furthermore, 
B. is experimentally much easier to measure, so that BAo 
is usually calculated from it. 

Throughout the analysis, steady state response alone ts 
considered. 


Mathematical Treatment 

Elementary analysis of a linear amplifier with two com- 
plete h.f. time constants shows its complex forward gain 
A” to be (putting A, = 0): 
= “ = oe (3) 
ae (1 + jor) + jor’) ig a + jya + jF/S)"- ‘ 

In the presence of overall negative feedback, the complex 
overall gain becomes G”: 


” 





Normalizing G” with respect to G., the relative gain 
G,” is obtained, 
B.S 


G:” = G” Go = (A” | Ac) (Bo/ B”) = 
. an ¢ )=(5—F) + 07 DF 


G.” a Gre* 
G- = G/G. 
es {Ff — [2B.S — (1+S)] P+ B.*S*}* nian 
— ——__—_ BS ———ee i t+ Of .. 
(1 + S)F (1 + 1/S)F/B. 
= — tan ~ = — at ne een eth 
¢ an” BS tan i — F7/B.S inka GOD 
Differentiating equation (6) with respect to F and reject- 
ing solutions corresponding to F < 0, F = 0, or S < 1, it is 
found that equation (6) is monotonic when: 


(1 + SP 
aR< 
25 


2, response of VA-P) but has maximum when: 
(1 + Sy 


B. a poe 
* 2S 


(cf. Fig. 


(cf. Fig. 2, response of VA-A). 

The marginal case B, = (1 + S)*/2S gives the so-called 
critically damped amplifier. 

The maximum value Gm of the relative gain G, for an 
underdamped amplifier is a measure of its circuit stability, 
since the stability is zero (oscillation) when G; = oo. A 
large rise of gain is objectionable even when it occurs out- 
side the working frequency band and without any danger 
of oscillation, because of its adverse effect on the transient 
response and the total noise output. Gm is given by: 

2B.S 


Gu = ; - piano 
(1 + S)[4B.S — (1 + S)}* 


This may be rewritten: 
= ((S/2) + 1 + (1/2S)) [(Gu*?+ Gm V(Gu*-1)] .... (10) 
Solutions of equation (10) for Gm are given in Fig. 3. 
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The frequency Fm of maximum gain 1s: 
Fm = (BS) [1 — (2 + S + 1/S)/2B.]}* (11) 


Another frequency of interest to the designer is the fre- 
quency F, at which the relative gain deviates from unity 


by a given ratio: 


0 GP —1\h 
Fy= Fal 1 1 ee - oe 
‘ Ge 


= Fp [1 + (1—26 B.’S’/ Fa‘) ford<1.... 
The above equation has in general three solutions: 
(a) Positive deviation, rising gain {i.e. F, < Fx). 
Putting 26 B.°S*/Fn* = q: 
F, = Fall — (1—q)*}* => (B.S)/[1 — (2+8+1/S)/2B.} 


. (12) 
(13) 


for q< }. 
(b) Positive deviation, falling gain (i.e. Fo. > F 
F, = Fm [1 + (1 -q)'}} ~ V2Fm for q<1.. 

(c) Negative deviation: 

F, = iF." » (Fn* no 26 BS*)Y} 

Solutions (a) and (b) exist only when Fr is real and 
Gm > 1 + 4; (c) always exists, but is of practical interest 
only when item (a) does not exist; (b) is never important. 

The frequency range within which gain is constant to 
+1 per cent is often of interest. The corresponding solu- 
tions of equations (14) and (16) are given in Figs. 4(a) 
and (b). 

The noise bandwidth of an amplifier is also of import- 
ance, The exact solution is rather complicated, but an 
approximate result can easily be obtained by taking the 
bandwidth between the points at which gain is down by 
6dB. The |.f. end of the band may be taken as F = 0 
when the response extends down to a few cycles per second, 
the difference being insignificant. 

Substituting G, = 4 in equation (12) gives: 

Fy = [Fm?+ (Fm + 3B.°S*)*}' = V(3B.S) for Bo > S .... (17) 
where F,, represents the upper 6dB point. Graphs of F» are 
given in Fig. 5. 

When a maximum phase-shift @ is specified, the corre- 

sponding frequency F, may be found from equation (7) 


as: 
2 “ih 
“1 14 Th... oo 
a+sy jf 
4 tan’ b . BS 


. (15) 


° 1+Sf, 
2tan | 
B, tan @ 
fait! et f. ee 
i+t/s *" G+ ios Pee 


with » and tan @ negative for h.f. phase-shifts less than 
x/2. This relation is shown in Fig. 6 for the case of @ = 5°. 


BIBLIOGRAPHY 


. Smrru, D. C. G. A Stable Decade Amplifier for the Frequency Range 10c/s 
to 1 Mc/s. E.R.A. Report Ref. V/T120. 
. Bope, H. W. Network Analysis and Feedback Amplifier Design. 
Nostrand, New York 1945). 
3 | gun J. G. Limear Feedback Analysis. (Pergamon Press Ltd., London 
) 
. MrepzmskI!, J., Zcorsx1, S. Electronic Voltage — - Laboratories, 
Computers and Control Systems. E.R.A. Report Ref. V/T13 
5. Mayr, H. Feedback Amplifier Design. Conditions for ‘Flat Response. 
Wireless Engr. 26, 297 (1949). 
. Brocketssy, C. F. Negative-Feedback Amplifier. Conditions for Maximal 
Flatness. Wireless Engr. 26, 43 (1949). 
. Duerpots, W. T. Some Considerations in the Design of Negative-Feedback 
Amplifiers. Proc. Instn. Elect. Engrs. 97, Pt. 3, 138 (1950). 
. Fioop, J. E. Negative-Feedback Amplifiers. Conditions for Critical Damping. 
Wireless Engr. 27, 201 (1950). 
. Fioop, J. Negative-Feedback Amplifiers. Overloading Under Pulse Con- 
ditions. W —_ Engr. 29, 203 (1952). 
10. Reeves, R. J. Feedback-Amplifier Design. Proc. Instn. Elect. Engrs. 99, 
Pt. 4, 383 ( 1959). 
il. FLoop, J. E. L.F. Compensation for Video Amplifiers. 
175 & 214 (1954) 
12. Miepzinski, J., Pater, S. A. Versatile Feedback Amplifiers for Computers, 
Laboratories and Industrial Use. E.R.A. Report Ref. V/T140. 


(Van 


Wireless Engr. 31, 


MAY 1961 





BOOK REVIEWS 


Field Theory of Guided Waves 


By R. E. Collin. — pp. 222 figs. Mediom ” 
McGraw Hill Book Co. 1960. Price £6 


N the past dozen years or so, eee 

in guided waves in complicated systems 
has been growing rapidly, and a great 
number of new structures have been 
investigated. As the author says in the 
preface, it is surprising that “a compre- 
hensive account of guided-wave theory 
at the graduate level has not appeared 
in text-book form”. He goes on: “This 
book is an attempt to bridge the gap 
between the usual senior - first - year - 
graduate treatment .. . and the more 
advanced topics which are of prime 
importance to the graduate student and 
the research worker in the field.” The 
book is written at considerably above 
the graduate level, and as a bridge to 
the gap it will be heavy going for the 
electrical engineer or physicist who wants 
to understand the theory of waveguides. 
It is more suitable for the applied mathe- 
matician who wants to apply his mathe- 
matics to electromagnetic problems. The 
emphasis is on the mathematical tech- 
niques used, rather than on the results 
obtained, so that the reader who masters 
the contents of this book will also need 
to make an extensive study of the litera- 
ture before he can be regarded as 
knowledgeable about waveguides. 

About 35 per cent of the book is 
devoted to basic theory, both electro- 
magnetism and mathematics, in four 
chapters entitled “Basic Electromagnetic 
Theory”, “Green’s Functions”, “Trans- 
verse Electromagnetic Waves”, “Integral 
Transforms and _ Function - Theoretic 
Techniques”, and a mathematical appen- 
dix. No discussion of units is given; this 
is a common fault in books on electro- 
magnetic theory, but a serious one. 


Forty per cent of the book deals with 
guided waves proper, in five chapters 
entitled “Transmission Lines”, “Propaga- 
tion in Cylindrical Waveguides”, “In- 
homogeneously Filled Waveguides”, 
“Periodic Structures”, and “Surface 
Waveguides”, The chapter on inhomo- 
geneously filled guides is very limited 
in content, dealing only with guides of 
rectangular cross-section loaded with 
slabs of dielectric or ferrite extending 
across the whole of one dimension of 
the cross-section. This chapter is mainly 
concerned with mathematical methods, 
and gives no account of the properties 
of the guides treated; under the heading 
“Ferrite Slabs in Rectangular Guide” the 
words “phase-shifter”, “isolator”, and 
“circulator” do not appear, although non- 
reciprocity receives passing mention. No 
mention is made of guides of circular 
cross-section containing dielectrics or fer- 
rites, nor of the helix guide. 
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Finally, 25 per cent of the book is 
given to miscellaneous topics in three 
chapters entitled “Excitation of Wave- 
guides”, “Variational Methods for Wave- 
guide Discontinuities”, and “Artificial 
Dielectrics”. The only notable omission 
is any account of propagation in horns. 

The book has a readable style, but 
viewed as a whole gives the impression 
of a collection of topics rather than a 
logical development of a subject. A great 
deal of well-treated material is presented, 
of value to research workers in the field 
of guided-wave theory. There are a few 
trivial errors; no serious errors were 
noted. 

R. A. WALDRON 


Electrical Theory on the Giorgi 
System 
By P. Cornelius. 187 pp. 28 figs. Demy &vo. 

Cleaver Hume Press Ltd. 1961. Price 32s. 

HE treatment in this book is aimed 

at a technical level rather lower and 
less rigorous than that of the University 
honours degree, a level which in terms 
of the author’s preface should serve “the 
ambitious radio technician, the engineer, 
and the experimental physicist”. The 
opponents of the m.k.s, system are 
obstinate, but one feels that if they gave 
this book a fair reading they would have 
to admit that there is no fundamental 
scientific or pedagogic objection to the 
system, even though they might still 
prefer the c.g.s. system. The theory is 
founded throughout on experimental 
arguments, and perhaps this is why the 
author hopes it will appeal to the 
experimental physicist; but the author 
always has in mind his ambitious radio 
technician, and the graduate engineer or 
physicist would benefit from a fuller dis- 
cussion of points such as the way in 
which the concept of displacement 
current makes the generalized electric 
current a quantity which is always 
continuous. The mathematics, too, is 
rationed. Perhaps a vector analysis of 
some of the points could have been put 
in an appendix. 

Chapter 1 deals with pure electrical 
(and electromagnetic) laws, and chapter 
2 deals with mechanical forces in electric 
and magnetic fields. The exclusion of 
vector mathematics requires that con- 
sideration of the force between two 
currents be limited to the special case 
of two thin parallel wires and that the 
Lorenz force on an electron be stated 
for the case of velocity at right-angles 
to the magnetic field. 

An unusual but valuable feature of 
the book is that nearly half of it is 
devoted to “Selected problems in elec- 
trical theory”. The first and most thorny 
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of these problems is whether there is a 
difference between E and D and between 
B and H, but the author rightly points 
out that the use of the Giorgi system 
of units does not pre-judge this issue. 
There follows an explanation of the 
responses of uniform transmission lines 
to pulse and to sinusoidal excitation, 
calculation of the parameters of parallel- 
strip, concentric and parallel-wire trans- 
mission lines, and skin effect near a 
surface which may be approximated by 
a plane. After a brief look at radio 
receiving aerials, the principle of the 
dynamo, and the dielectric and mag- 
netic polarization, this part of the book 
ends with an analysis of demagnetizing 
effects in permanent magnets. 

Chapter 5 is a further defence of the 
Giorgi system; and chapter 6 gives 
extensive tables for the conversion be- 
tween different systems of units of elec- 
trical quantities and formulae. The 
latter include one or two. e.g. the Poynt- 
ing vector. the Clausius Mosotti law 
and the radiated field from a short dipole 
aerial, which are not covered in the text. 
It will do no harm to anyone to read 
this book, and it should meet the 
requirements of H.N.C. or the earlier 
years of a degree or Dip. Tech. 


D. A. BELL 


Introduction to the Statistical Dyna- 
mics of Automatic Control Systems 


By V. V. Solodovaikov. 307 pp. 92 wok. 
8vo. Dover Publications ris Rew 


HIS book is a posse of the work 

of a leading Soviet engineer, first 
published in 1952 in an attempt to gather 
together various papers on prediction 
theory applied to the problems of 
random information in automatic control 
systems, 

Assuming that the reader is familiar 
with Fourier transformations the first 
two chapters deal with simple laws of 
the theory of probability, then follows 
an indication of the basic principles and 
applications of random process theory 
and the estimation of mean-squared 
errors. 

Later chapters indicate methods of 
obtaining transfer functions of a system 
for which a minimum mean-squared 
error has been stated related to its signal 
and noise properties and applications of 
the technique to problems of smoothing 
and prediction are included. 

This work will be of special interest 
to students and engineers dealing in 
control problems which are of a random 
nature rather than those where the 
system is related to functions of time. 
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It is well written in a clear style and 
seems to have suffered little from trans- 
lation. A comprehensive bibliography in 
the form of footnotes covers every 
aspect of the subject matter both from 
internal Soviet and international sources. 

Although most of the information was 
available in individual papers, or in the 
original Russian some years ago, it is a 
book which will aid the designer of auto- 
matic control systems as well as serving 
as a useful text book for students of this 
subject. 

A. W. PEARSON 


Physics of Semiconductors 


By A. F. foffe. 436 pp. 176 fies. Royal &vo. 
Cleaver Hume Press Lid. 1960. Price 84s. 


HIS book is a translation of a 

Russian text on semiconductors and 
therefore something of an event, especi- 
ally since the author has an eminent 
name in solid state physics. After a long- 
term diet of chicken Maryland, roast 
beef, and escargot, one relishes the 
thought of caviare, and when the oppor- 
tunity arises one sits down to enjoy it 
with anticipation. It is irritating to find 
oneself being distracted by the Russian 
salad. But the irritation does not last. 
One gets used to the idea that Auger 
recombination is also Sosnovskii re- 
combination just as one gets used to the 
paucity of references to American work. 
and it is comforting to find that “much 
work has been done abroad on semi- 


conductor theory”. The took, of course. 


was not intended originally for inter- 
national consumption and although it was 
revised by the author for the English 
edition. it still curries the strong flavour 
of having teen directed at Russian solid 
state technicians. 

All deep mathematical theory is 
avoided but to compensate, the scope is 
great and the properties of a large num- 
ber of semiconductors find their wavy 
into the text. The treatment, though 
aimed at presenting the main ideas and 
results for the purpose of technically con- 
trolling the properties of semiconductors, 
is by no means shallow. On the contrary 
loffe’s discussion on the inadequacy of 
band structure concepts when applied to 
the transition between solid and liquid 
semiconductors and also generally to low 
mobility semiconductors plunges into 
depths all too often avoided in textbooks. 
His assessment of the present state of 
semiconductor science in the final chavter 
is brilliant and no one in this field should 
fail to read it. 

In form, the book is in three parts plus 
the brilliant coda. The four chapters of 
the first part jog the reader over the 
whole range of the subject with short 
clear paragraphs. The treatment is ele- 
mentary but occasionally there is a slip 
as when the term phonon is introduced 
without explanation. The long fifth chap- 
ter is the second part and core of the 
book. It is devoted to an account of 
physical phenomena in semiconductors 
ranging from short and long range order- 
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ing effects over the whole gamut of 
mechanical, electrical, magnetic, thermal 
and optical properties to pn junctions 
and transistor action. Inevitably in this 
sort of exposition there is repetition. 
While this is presumably good for teach- 
ing purposes it reduces the value of the 
book as a source of easy reference. The 
easy exposition followed by a more diffi- 
cult development section—or sonata form 
~approach will always have this defect. 
The third part, in two chapters, deals 
with methods of measurement and de- 
scribes various types of semiconducting 
materials. 

The translator has done an excellent 
job. The book reads extremely well, ex- 
cept when one finds that the lattice scat- 
tering mobility increases, instead of 
decreases, when the temperature rises, or 
when one comes across the diffusion co- 
efficient for electrons in germanium given 
as 0-lcm*/sec instead of 100cm?/sec. But 
these are mere trivialia and, on the whole, 
the translator and publisher have pro- 
duced a pleasing addition to the semi- 
conductor library. 

Professor Ioffe in writing an introduc- 
tion to semiconductors for Russian tech- 
nicians, which might well have been 
humdrum, has produced a fresh and 
stimulating work which should claim the 
attention of the sorcerer as well as his 
apprentice. 


B. K. RIDLEY 


Engineering Mathematics 


By J. Blakey & M. Hatton. 603 pp. 22 figs. 
Medium 8vo. Blackie & Sons Ltd. 1960. Price 40s. 


BLAKEY’S “University Mathe- 
matics” is well-known as a suitable 
text-book for students taking ancillary 
mathematics for external degrees in the 
University of London, or similar courses 
and examinations. Each section is com- 
pleted by a set of worked examples, so 
that anyone studying the text carefully 
can tackle with considerable confidence 
the examples at the end of each chapter. 
The present book has precisely the 
same qualities and is likely to be very 
successful with the same type of student. 
It must be made clear, indeed, that it is 
almost the same book, with chapters 
added on relaxation methods, numerical 
solution of equations, Laplace transforms 
and statistics, and chapters omitted on 
general conics and solid geometry. About 
one hundred and fifty pages are new. 
The inclusion of these new chapters, 
on topics which are presumably now 
examined at this level, raises many 
questions. It can possibly be argued that 
partial differential equations should be 
solved numerically and even by relaxa- 
tion methods before they are solved 
analytically; but surely some explanation 
ought to be given as to the reasons for 
using particular methods. Again, why 
solve ordinary differential equations with 
constant coefficients at length by the 
D-operator method, and then again by 
Laplace transforms, in the same book, 
in different chapters? 
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There are sO many more interesting 
things to talk about nowadays in books 
for engineers, that these chapters seem 
rather trivial. When mechanical engineers 
are tying themselves in knots—and 
untying themselves—with complicated 
problems using vectors, variational 
methods and characteristics, and elec- 
trical engineers are puzzling over 
matrices and tensors and realizing the 
beauty of the theory of functions of a 
complex variable, surely a little more 
interest can be put into their mathe- 
matics? 

G. J. KYNCH 


Electronic Fundamentals and 
Applications 

By J. D. Ryder. 721 pp. 493 figs. Medium 8vo. 

Sir Isaac Pitman. 1960. Price 60s. 

URING the last decade there has 

been available some ten or twelve 
electronics textbooks suitable for students 
reading for a University Degree in Elec- 
trical Engineering. These books cover 
approximately the same material and the 
differences between them are more a 
matter of style and emphasis rather than 
of content: almost all of these books 
originate in the U.S.A. Among these 
texts “Electronic Engineering Principles” 
and “Electronic Engineering Funda- 
mentals and Applications” by J. D. 
Ryder are fairly well known. Professor 
Ryder has now brought the second of 
these books up to date with a new 
edition which includes a_ substantial 
amount of material on transistors. 

The contents of the book can be 
roughly divided into chapters dealing 
with thermionic valves, chapters on 
transistors and chapters dealing with 
principles and applications common to 
both valves and transistors. The material 
on thermionics is virtually the same as 
in the previous volume; it includes two 
excellent chapters on the behaviour of 
charged particles in magnetic and elec- 
tric fields, chapters on power supplies, 
modulation, de-modulation, gaseous con- 
duction and gas-filled valves. The treat- 
ment of this traditional material is some- 
times rather too detailed for present-day 
needs; for example the analysis of the 
cathode-follower could be much simpli- 
fied with no real loss of understanding 
and a whole chapter devoted to large- 
signal radio frequency amplifiers seems 
inappropriate in a text of this nature. 
On the other hand the chapter on power 
supplies does not mention voltage stabi- 
lizers although this device is briefly 
described in the chapter on feedback. 
The ground is prepared for transistor 
analysis by a short chapter on the pro- 
perties of 4-terminal networks. The tran- 
sistor is now introduced and it is perhaps 
a pity that the various characteristics 
are drawn on non-conventional axes 
and refer to a very poor transistor 
(8 = 14!). The analysis considers the 
properties of the three usual transistor 
configurations in terms of the T and the 
corresponding hybrid parameters. Those 
transistor properties, such as _ hole 
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storage, which are important in pulse 
applications are mot discussed. The 
remainder of the book deals with ampli- 
fiers, oscillators and wave-shaping cir- 
cuits from the point of view of both the 
valve and the transistor. Both small- 
signal and large-signal amplifiers are 
covered very thoroughly but the use of 
transistors in pulse circuits receives rela- 
tively little attention. 

This is a comprehensive and useful 
book and by present standards it is by 
no means expensive. However, there is 
a number of instances where the 
analytical work is unduly complex and 
could well be simplified. 


V. H. ATTREE 


Electronics and Nucleonics 
Dictionary 
By N. M. Cooke and J. Markus. 543 figs. 450 


figs. Medium Sve. McGraw Hill Publishing Ltd. 
1960. Price 93s. 


HIS is an illustrated dictionary giving 

definitions, abbreviations and syn- 
onyms for some 13000 terms used in 
television, radio, medical electronics, in- 
dustrial electronics, space electronics, 
military electronics, nuclear science and 
nuclear engineering. 

Some 400 illustrations clarify and 
expand the meanings of the more com- 
plex terms, and show examples of typical 
circuits and devices. 


Electronic Maintainability 


Vol. 3 


By F. L. Ankenbrandt. 312 pp. 58 figs. Medium 
8vo. Reinhold Publishing Corpn. 1961. Price 80s. 


HIS book is really the Proceedings 

of a Conference on “Maintainability 
of Electronic Equipment” held in San 
Antonio, Texas, sponsored by the Elec- 
tronic Industries Association in the 
U.S.A. Although the book was published 
in 1960, the actual date of the con- 
ference is not given, other than the 
“Third” Conference, so presumably the 
information is about a year old. There 
is, naturally, a great deal of information 
in this book, but there is no coherent 
story and one finds the same basic points 
repeated over and over again in succes- 
sive papers. To the British reader the 
phraseology is sometimes difficult to 
understand—for instance, the first sen- 
tence in the Preface reads: “Maintain- 
ability is a product characteristic 
concerning the effort and cost necessary 
to keep an equipment in usable con- 
dition, and to return it to usable 
condition after a malfunction has 
occurred.” 

There are 28 papers reproduced in the 
book, including initial Army, Navy and 
Air Force “Outlook” papers on main- 
tainability, followed by airlines and 
military papers on almost every aspect 
of the problem of maintaining electronic 
equipment. There is a tendency to * pad 
out’ information in many cases and one 
is left with the impression that ‘two 
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page summaries’ would contain 90 per 
cent of the relevant information. 

However, there is no doubt that the 
book records the valuable experience 
obtained in the U.S.A. on maintaining 
complex electronic equipments, but its 
price (80s.) is very high, even for British 
libraries. 

G. W. A. DUMMER 


Electrical Noise 
By W. R. Bennett. 280 pp. 106 figs. McGraw- 
Hill Book Company, Inc., New York, Toronto, 
London. 1960. Price 77s. 

N dealing with electrical noise a writer 

can approach the subject from the 
point of view of the noise sources them- 
selves, or of the effects on circuits, or 
of mathematical analysis. The present 
volume is inclined to the middle course, 
that of making noise palatable to the 
communications engineer. 

A feature of the book is the lack of 
insistence on Fourier analysis until a late 
chapter. This is achieved by the artifice 
of assuming that noise energy is present, 
and spread over all frequencies, and 
finding the properties this noise must 
have. For analysis the effects on a simple 
tuned circuit are calculated in terms of 
the circuit bandwidth and conductance. 
This forms a very suitable approach for 
the circuit engineer, in that his attention 
is not diverted at the start by mathe- 
matical difficulties. 

Following a treatment of thermal 
noise in this manner, the third chapter 
deals with the distribution of magnitudes 
in noise. Since this brings in probability, 
it could well have been left until later, 
after the other noise sources had been 
covered. 

The fourth chapter deals with noise 
in vacuum tubes (meaning diodes and 
grid controlled types), and here the 
author has to pursue the unusual course 
of concentrating on noise at high fre- 
quencies and deriving the medium fre- 
quency noise formula as a limiting value. It 
is unfortunate that the role of the rela- 
tively longer length of the current pulses 
at higher frequencies is obscured by this 
treatment. Noise in semiconductors, both 
shot noise and Lf. noise is dealt with in 
chapter five. This is followed by an 
interesting discussion of noise in electro- 
magnetic radiation, and the relation of 
thermal noise to black-body radiation, 
leading on to interaction between radia- 
tion and matter, and the theory of noise 
in masers. 

Noise generating equipment and noise 
measurement are dealt with briefly and 
are followed by the design of low noise 
equipment. Into this latter chapter are 
crowded triode and transistor amplifiers, 
a brief mention of travelling-wave tubes, 
and discussion of reactance amplifiers 
and the Haus-Adler theory of noise 
measurement. This material is far too 
condensed, especially as the travelling- 
wave tube information is not up-to-date, 
and only two lines are devoted to 
electron beam parametric amplifiers. 
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Chapter 10 brings the inevitable applica- 
tion of Fourier analysis and the book 
finishes with a good discussion of noise 
in communication systems. 

The volume is well referenced in each 
chapter and, from its different method 
of approach, forms a very useful addi- 
tion to the growing number of books on 
noise 


W. H. ALpous 


Laboratory and Workshop Notes 
1956-1958 


Compiled and Edited by R. Lang. 218 pp. 149 


figs. Pott 4to. Edward Aro 


Edition. Price 40s 
T is now ten years since the introduc- 
tion of this series of Notes which are 
reprinted from the Journal of Scientific 
Instruments. This fifth selection has again 
been compiled by Dr. Ruth Lang at the 
invitation of the Board of The Institute 
of Physics. As in the previous volumes 
some Notes have been slightly condensed 
by omitting introductory paragraphs and 
acknowledgments. 


= Ltd. 1960. Sth 


Spectra and Analysis 


By A. A. Kharkevich. 222 pp. 61 figs. Mediom 
8vo. Consultants —— Inc. 1960. 


HIS book has been translated from 

the revised third edition of the Russian 
text published by the State Press for 
Technical and Theoretical Literature, 
Moscow, in 1957. 


ELECTRONIC ENGINEERING 





Eevrane tO THE EDITOR 


(We do not hold ourselves responsible for the opinions of our correspondents) 


The Schmitt Type of Trigger 
Circuit 


Dear Sir,—Recently we required a 
Schmitt type of trigger circuit with dif- 
ferent on and off levels and the circuit 
of Fig. 1 was developed for this appli- 
cation. The operation of the circuit is 
as follows. With transistor V7, on and 
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VT, off the voltage V; at point x is 
defined by R,, R, and the Zener diode 
MR;. The current through R, is very 
much less than that through MR; and 
VT, must be prevented from bottoming. 

Thus V, = —[E—Z)]R,/(R, + R,) 
where Z is the Zener voltage of MRz. 
As the input voltage V approaches V, 
from the ‘ ground’ V7, switches on and 
VT, off in the usual Schmitt manner. 
With VT, on, however, the Zener diode 
is biased off, and the voltage V: at x 
is now defined by R, and R, only. 


Thus V, = —ER,/(R,+R,) 
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V, = SV, V, =2V, Z= = 47V 


The circuit cannot switch again until the 
input voltage V ‘falls’ to V,. The values 
of R, and R, must be chosen so that the 
voltage across MR, does not approach 
V, before this happens. In practice the 
difference between V, and V, is limited 
by this consideration. Despite this, 
circuits have been designed with V,—V, 
greater than 2°SV. Fig. 2 is such a circuit 
in which the switching times are better 
than lusec, although only medium speed 
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transistors are used, Indeed the switching 
time from VT, on to off is very fast 
because of the low dynamic impedance 
of MR; in its Zener state. The basic 
circuit of Fig. 1 can be modified as in 
Fig. 3 to give a circuit with very little 
backlash. With VT, off and VT, on the 
voltage V; at x is defined as before by 
R:, R: and Zener diode MR. The 
voltage at y is set very slightly negative 
with respect to x. Because of the non- 
linearity of MR, very little current is 
taken through it. With VT, on and VT, 
off the voltage V. at x is only slightly 
positive compared with V, and thus the 
backlash is made very small. Fig. 4 is a 
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Fig. 3. A modification to reduce 
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Fig. 4. A practical circuit with less than 100mV 
backlash 


* 1 per cent tolerance 
practical circuit in which the backlash 
using standard components is less than 
100mV. The use of a variable resistor 
in place of R, and R, enables the back- 
lash to be reduced below this value. 
Yours faithfully, 
P. C. DEARLOVE, 
British Scientific Instrument 
Research Association, Chislehurst. 


A Read-Out System for Transistor 
Scalers 

Deak Sir.—In Mr. T. G. Benbow’s 

article entitled “Read-out Systems for 

Transistor Scalers” which appeared in 

the December 1960 issue of ELECTRONIC 

ENGINEERING the author compares three 
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read-out methods for decade transistor 
scalers. 


The author concludes that, although 
more expensive, the third solution with 
a neon tube indicator fired by an 
auxiliary transistor is to be preferred 
for some advantages which it offers. But 
it is obvious that this solution has the 
disadvantage of requiring a special tran- 
sistor with a high collector-base voltage. 

The following is a description of a 
new circuit which can be built with 
normal low voltage transistors. 

Consider a bistable circuit, Fig. 1, 
which is the basic component of any 
type of scaler. 

It is well known that if one wishes 
this circuit to be suitable for high count- 
ing rates it is mecessary to keep the 
current and the sudden voltage changes 
as small as possible. 

—12V 
2 

















10kQ : 1'8kQ g 
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A bistable circuit 


Fig. 1. 


Suppose that VT, is normally conduct- 
ing and VT, is normally cut-off; the 
collector voltage for VT, is —6V and 
for VT, is approximately —10V. 

If a trigger pulse appears, the circuit 
will change its state and the collector of 
VT, will rise to —6V, and this positive 
pulse of 4V is to be read out. 


The circuit developed for read-out is 
shown in Fig. 2. In this circuit a neon 
bulb indicator (N,) is supplied by a d.c. 
source (+40V) and with negative going 
pulses through a load resistor R,. 

A capacitor, C, connects the cathode 
of the neon tube to the collector of an 
auxiliary transistor —VT,, which is sup- 
plied with —12V through the load re- 
sistor (R:—which has a high value) 
and which has its emitter connected to 
-6V. Through a limiting resistor it has 
its base connected to the collector of 
io 

When this collector is at —6V the 
base-emitter voltage for VT, is zero and 
the transistor is cut-off. The neon tube, 
although having CR, in parallel, is fired. 

When the collector of VT, is at —10V 
the base-emitter voltage of VT, is nega- 
tive and VT, therefore will be on and 
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*6 to - IOV. 


Fig. 2. The read-out circuit 


passing a current limited by R,. But, in 
this case, the point a is_ practically 
grounded for the negative going pulses 
which are supplying the neon tube in- 
dicator (in addition to the d.c. supply) 
and these pulses are short-circuited. As 
a result the neon tute is cut-off. 


This circuit has the advantage that 
for direct current conditions it operates 
with a low voltage supply (—12V) but 
it cam operate at a higher pulsed voltage 
(25 to SOV) without damaging the tran- 
sistor (which allows a higher collector 
voltage in pulse operation). 

The amplitude of negative going pulses 
must be chosen so as not to exceed the 
maximum rated voltage for the tran- 
sistor. 


The read-out system proposed has the 
following advantages: 
It operates with normal 
transistors. 


low-voltage 


It requires small currents for the con- 
trol of the neon tube (10 to 20#A) 
and by this it enables high counting 
rates for the bistable circuit. 

It needs few electronic components 
(three resistors and one capacitor). 


This system needs an auxiliary supply 
for the negative going pulses. But if it 
is to be used in a portable (or laboratory) 
counting equipment the question is 
solved by the supply which feeds the 
radiation detector. 


The author wishes to give thanks for 
valuable discussions to Messrs H. 
Totea and T. Teitel and to Mr. V. 
Anghelescu for constructing the models 
and for the interest with which he veri- 
fied their performances. 

Yours faithfully, 
M. BIRNBAUM, 


Institulal de Fizica Atomica, 
Rumania. 


A Novel Single Transistor 
RC Oscillator 

Dear Sir,—The use of a transistor in 
lieu of a valve in a parallel-7 oscillator 
introduces matching difficulties due to 
the different range of impedance values 
of the former as compared with the im- 
pedance of a valve. 

Mr. E. T. Emms in the August 1960 
issue overcomes these difficulties by 
interchanging the terminals of the RC 
network and using the transistor in the 
common tase connexion. 


A different approach may consist in a 
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comprehensive study of the unmodified 
circuit in order to find out a possible 
set of values for the various parameters 
which ensure satisfactory behaviour. 
This was done by me a few years ago’. 

Let the complete circuit and its 
equivalent be as drawn in Fig. 1(a) and 
(b). The latter introduces, as may be 
seen, some simplification acceptable for 
the purpose of the application considered 
here, 

A rather lengthy but simple algebra 
leads to the two conditions: 


(g,/G) = 
P (sx 
0 = Piltx+sy)—P,(sx 


v*ty)+ v?P. (ix + sy) +ax4+ Ys 
vefy)+ay+yt 
where : 

1+(G,/2G), t=1+4 
r=1+(G,/aG), y=1+(C, 


s= 


§* + yp? — 6(8? +14 7) 
v? —28(1 + y?) 
8(8? 4 v*) 
28(1 + v’) 


v2(8* + v7) 4+ 8741 
674+ 1/v? 
~ -y8(82 4 v2) 4 6241/1 
with: 8&=a+y; v=oC/G. 

The two conditions define the fre- 
quency of oscillation and a relationship 
to be satisfied in the design of the 
circuit, 

One realizes that the conditions in fact 
include some of the transistor parameters 
which are not constant but their influence 
on the behaviour of the circuit can be 
reduced to an acceptable level by a proper 
choice of the RC network parameters. 

The choice is fundamentally one of low 
values for the network impedances in 
order to reduce substantially the influence 
of the low input impedance of the tran- 
sistor. 


On the contrary its output impedance 


Fig. 1. The complete circuit and its equivalent 
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Fig. 2. The oscillator circuit 





can be generally overlooked since it is 
paralleled by G,. 

An example of an oscillator designed 
according to this philosophy was to be 
found in the article already cited. It is 
given in Fig. 2 in order to show the 
various parameter values. A frequency 
stability better than 3x 10~-* over a few 
hours was then méasured. 


A more complete investigation of the 
frequency and amplitude stabilities of 
this type of oscillator? has proved that 
they are better than for other types of 
RC oscillators. 

This type of oscillator is however less 
convenient when the frequency must be 
varied over a wide range since the resist- 
ance can be made to vary only over a 
limited extent. 

Yours faithfully, 
G. FRANCINI, 
Universita di Padova, Italy. 
REFERENCES 


Oscillatore a resistenza ¢ capa- 
Alia Frequenza. 25, 210 


1. Francini, G 
cita con transistore 
(1950) 


Zanini, A. Misure sulla qualita degli oscil- 
latori RC a _ bassissime frequenze Note 
Recensioni e Notizie. 6, 459 (1957) 


The Author comments : 
Dear Sik,—The normal type of parallel- 
T circuit was considered by myself some 
years ago as a suitable frequency deter- 
mining network for a single transistor 
oscillator. It was then decided to be not 
suitable since the parallel-T circuit does 
not ‘match’ the transistor impedance 
characteristics. This results in two 
serious drawbacks: (a) the transistor # 
required to maintain oscillations is rather 
high (b) the frequency determining equa- 
tion is rather complex and involves the 
transistor parameters. It was for these 
reasons that the modified parallel-T 
circuit was developed resulting in a circuit 
which would operate with low-f tran- 
sistors and yielding a simple frequency 
equation’, namely w, = 1/RC. It is sug- 
gested that the modified parallel-7 circuit 
is eminently ‘ designable’ and is far more 
reliable and practical than the circuit 
analysed by Mr. Francini. 
Yours faithfully, 
E. T. Ems, 
General Precision Systems Limited, 
Aylesbury. 
REFERENCE 


1. Emus, E. T. A Novel Single Transistor RC 
Oscillator. Electronic Engng. 32, (1960) 
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Short News Items 


The winners of the 25-guinea premiums 
awarded by the radio and electronics 
industry for technical articles published 
in 1960 have been announced by the 
Electronic Engineering Association and 
the Radio Industry Council, the sponsors 
of the scheme. Sir Harold Bishop, Direc- 
tor of Engineering, BBC, presented the 
awards at the Café Royal, London, on 
25 April. The 1960 prizewinners (not in 
order of merit) were: 

A. E. Crawford, “Piezo-electric Volt- 
age Transformers” — Wireless World, 
October. 

G. L. Grisdale and D. A. Paynter, “A 
Tropospheric Scatter Link over a 200- 
mile Path”—Point-to-Point Telecommuni- 
cations, October. 

D. L. Swale, “Integrated Electro- 
mechanical Design as Applied to Elec- 
tronic Equipment”—British Communica- 
tions and Electronics, March. 

C. M. Cade, “Infra-red Radar Surveil- 
lance and Communications”—British 
Communications and Electronics, June- 
July. 

E. N. Rowlands and H. S. Wolff, “The 
Radio Pill’’—British Communications and 
Electronics, August. 

P. L. Owen, M. F. Partridge, and 
T. R. H. Sizer, “The Differential Analy- 
ser and its Realization in Digital Form” 
—Electronic Engineering, October. 

The panel of judges comprised Professor 
H. E. M. Barlow, B. C. Brookes, A. H. 
Cooper, F. Jeffrey, G. Reeves and Dr. 
R .C. G. Williams, under the chairman- 
ship of H. E. F. Taylor, who succeeded 
the late Air Marshal Sir Raymund G. 
Hart. The awards scheme is likely to be 
extended and revised for 1961. 


Professor H. E. M. Barlow, Dean of 
the Faculty of Engineering, Pender Pro- 
fessor of Electrical Engineering and 
Director of Laboratories in the Univer- 
sity of London, University College has 
been elected Fellow of the Royal 
Society. Professor Barlow is distinguished 
for his work on engineering aspects of 
microwaves, particularly waveguides and 
serniconductors. 


An interlocking system of technical 
standardization in the electronics industry 
is to be set up throughout Europe and 
it is strongly supported by the British 
electronic organizations. The agreement 
means that the 13 countries in the 
European Economic Community, and in 
the European Free Trade Association 
the ‘Six’ and the ‘ Seven ’—will work to 
common standards. The following state- 
ment has been issued on behalf of the 
United Kingdom electronic industry: “As 
a result of a recent meeting of Western 
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European National Standards Organiza- 
tion it has been agreed that the 13 coun- 
tries in the Free Trade Association and 
the European Economic Community 
should collaborate on an equal footing, 
with a view to producing common West- 
ern European standards. It is proposed 
that this end should be achieved by 
developing and promoting the use of 
internationally agreed characteristics and 
performance standards from such bodies 
oe te, 124. CLAS. COCER. 
and C.E.E.” 


The Council of the Television Society 
has awarded the “Electronic Engineering” 
premium to B. Eastwood, of A.E.I. Ltd, 
for his paper entitled “Deflexion Tech- 
niques for 110° Picture Tubes”. 


The Council of The Society of Instru- 
ment Technology have decided to in- 
augurate an annual lecture on a general 
subject. The first President of the Society, 
Sir George Thomson, M.A., F.RS., 
Master of Corpus Christi College, Cam- 
bridge, has consented to give his name 
to this lecture and to deliver the first of 
the series on Thursday, 19 October, at 
the Royal Institution. Admission will be 
by ticket only. 


Belling & Lee Limited have been 
engaged by Sir Alexander Gibb & Part- 
ners, consulting engineers, on behalf of 
the Air Ministry, to assist in the design 
and implementation of r.f. shielding and 
interference suppression on the Ballistic 
Missile Early Warning System project at 
Fylingdales Moor. The purpose of the 
shielding is to protect operating per- 
sonnel from the extremely high rf. 
radiated power which will be used and 
to ensure interference-free conditions of 
working for varied electronic equipment. 
including the computers, to be housed 
there. 


The Government have agreed to the 
siting of a Post Office radio station on 
Kiln Farm in Stokenchurch, Bucking- 
hamshire. The station will consist of a 
building about 75ft square and 13ft high, 
and a radio tower 250ft high with a 
maximum diameter of 55ft. The station 
is required by the Post Office primarily 
for purposes of national defence, but it 
will also have civil uses. 


The Post Office is to co-operate with 
the U.S. National Aeronautics and Space 


French Centre 
Studies in a 
testing of 


Administration and the 
for Telecommunications 
programme for transatlantic 
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communications satellites. This is jointly 
announced by the United States, France 
and the United Kingdom. Ground 
stations are to be built in England and 
France for the reception and transmis- 
sion of telephone, telegraph and tele- 
vision signals across the Atlantic using 
satellites to be launched by NASA 
during 1962 and 1963 in Projects 
RELAY and REBOUND. The stations 
will be equipped with advanced radio 
facilities, having extremely accurate 
tracking and antenna pointing facilities 
and capable of conducting tests with 
active and passive satellites at high fre- 
quencies and low power. Project 
RELAY, NASA's low altitude active 
repeater satellite to be launched in 1962, 
will weigh less than 1001b. In addition 
to equipment for conducting the com- 
munications experiments, the space-craft 
will contain instruments to detect radia- 
tion damage and other effects of space 
conditions on critical components. Pro- 
ject REBOUND is the follow-on of 
NASA’s first passive reflector com- 
munication satellite programme, ECHO. 
It involves placing several rigidized in- 
flated spheres in orbit by using a single 
launch vehicle. The first launch to orbit 
three spheres is planned for 1963. 
RELAY and REBOUND are research 
and development projects to demonstrate 
feasibility, basic concepts and technolo- 
gical approaches and to evaluate various 
systems to be employed in communica- 
tions satellites. To an extent permitted 
by orbital and other technical considera- 
tions, it will be possible for other coun- 
tries so desiring to provide the necessary 
ground facilities to participate in these 
co-operative experiments. The siting and 
equipment of the British ground station, 
and therefore the cost, have not yet been 
settled, but the location will probably 
be in the South West. 


The Electrical Research Association 
has announced that James R. Beard, 
C.B.E., is to be its President for the year 
1961-62. Mr. Beard was President of the 
Institution of Electrical Engineers 1940- 
41. 


The British Electrical and Allied 
Manufacturers’ Association, as one of 
the special activities of the Association 
during its fiftieth year of incorporation, is 
arranging a two-day Export Conference 
which will be held on 5 to 6 October 
1961. The President of the Board of 
Trade, the Rt. Hon. Reginald Maudling, 
M.P., has promised to speak to the par- 
ticipants on the first day 
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J. Langham Thompson Ltd of Bushey 
Heath, Herts, have entered into a licens- 
ing agreement to manufacture a range 
of dimensionless strain gauge type trans- 
ducers designed by Statham Instrument 
Inc., Los Angeles, California. These 
transducers are claimed to have high 
accuracy, long-term stability and insen- 
sitivity to temperature changes. 


The Electronic Valve and Semi- 
Conductor Manufacturers’ Association 
(VASCA) has elected Mr. S. S. Eriks, 
O.B.E. (managing director of Mullard 
Ltd), as its president and chairman of 
the Council, and Mr. C. A. W. Harmer, 
O.B.E. (a director of Pye Ltd), chairman 
of the Association and chairman of the 
General Management Committee. Mr. 
J. Bell (managing director of the M.O. 
Valve Co. Ltd) has been elected vice- 
chairman of the British Radio Valve 
Manufacturers’ Association (BVA). 


The European Nuclear Energy Agency 
of the Organization for European Econo- 
mic Co-operation has arranged with the 
Atomic Energy Research Establishment 
at Harwell (United Kingdom) and the 
Centre d'Etudes Nucléaires at Saclay 
(France) for two international seminars 
on nuclear energy. Designed for the 
teaching staffs of universities and higher 
technical colleges, each seminar will 
accept about 50 applicants, who will 
have the opportunity to study the latest 
advances in nuclear science and tech- 
niques, to do certain practical work, and 
to visit nuclear installations. The Har- 
well seminar will take place from 10 to 
21 July, and that at Saclay from 26 June 
to 7 July. The cost of both seminars 
is being borne by the European Nuclear 
Energy Agency, and participants will be 
required to pay only travelling and living 
expenses. Further information may be 
obtained from the O.E.E.C. European 
Nuclear Energy Agency, 38 Boulevard 
Suchet, Paris 16e. 


Nineteen member firms of the Scien- 
tific Instrument Manufacturers’ Associa- 
tion of Great Britain, 20 Queen Anne 
Street, London, W.1, will exhibit 500 
instruments worth £220000 on the joint 
SIMA stand at the British Trade Fair, 
Moscow, 19 May to 4 June. 


Closed-circuit television as an aid to 
teaching was recently demonstrated by 
High Definition Television Ltd, a com- 
pany of the Pye Group, in co-operation 
with the Middlesex Education Commit- 
tee, the Hayes and Harlington Divisional 
Executive and the School Governors. 
Two schools two miles apart—Hayes 
Grammar School and Barnhill Secon- 
dary Modern School—were linked by 
microwave equipment so that science 
lessons from the Grammar School could 
be televised direct to the Secondary 
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Modern School. Two small Pye indus- 
trial television cameras were used in the 
demonstration. One of these was situated 
directly opposite the teacher and covered 
his desk and the blackboard. The second 
camera, on the teacher’s extreme right, 
was used for enlarging small objects and 
to give close-up views during scientific 
experiments. A third camera is built into 
a console with a 16mm film projector in 
order to provide telecine facilities. At 
the Barnhill School a large High Defini- 
tion Television schools receiver with a 
27in screen was used. The teacher in 
the receiving class was provided with a 
separate monitor screen. 


The electronic sections of Armstrong 
Whitworth Aircraft Ltd and Brush Elec- 
trical Engineering Co. Ltd have been 
linked to form a partnership, known as 
Armstrong Whitworth/Brush, to manu- 
facture and market advanced electronic 
and electrical control and _ intelligence 
systems. Two contracts have already been 
received by the new partnership. One is 
for data link equipment for a secret radar 
installation, and the other for recording 
equipment for experiments in the detec- 
tion of underground nuclear explosions. 


An International Symposium on Aero- 
Space Nuclear Propulsion will be held 
in Las Vegas, Nevada, 23 to 26 October 
1961. This symposium is jointly spon- 
sored by the Institute of Radio Engin- 
eers Professional Group on Nuclear 
Science, the AEC and the NASA. The 
meeting will be unclassified and include 
among other topics a review of the 
ROVER, PLUTO, and ANP pro- 
grammes. Papers are being requested for 
presentation at the meeting. Subject 
matter includes instrumentation, control 
systems, engine simulation, and engine 
dynamics aspects of aero-space nuclear 
propulsion and nuclear auxiliary power 
fields, as well as radiation and tempera- 
ture effects on instruments and controls. 
A rough draft of each paper and a 500- 
word abstract should be submitted by 
1 July 1961 to P. M. Uthe, University 
of California, Lawrence Radiation 
Laboratory, Box 808, Livermore, Cali- 
fornia. 


Mr. Richard Melville has been ap- 
pointed Scientific Attaché to the British 
Embassy in Paris with the rank of Senior 
Principal Scientific Officer. He will advise 
the British Ambassador (Sir P. J. Dixon, 
G.C.M.G., C.B.) on scientific matters and 
report on French scientific and technical 
development in the civil field. 


Marconi’s Wireless Telegraph Co. Ltd 
of Chelmsford, Essex, and Wilcox Elec- 
tric Co Inc. of Kansas City, Missouri, 
announce the signing of an agreement 
for collaboration in the field of airborne 
radio and radar equipment. The agree- 
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ment covers the full interchange of 
design, engineering and production infor- 
mation and includes the manufacture and 
sale by either firm of equipment designed 
by the other. An agreement has also 
been signed between Ekco Electronics 
Ltd and Wilcox Electric Company Inc. 
whereby the latter company will pro- 
duce airborne weather radar equipment 
in the U.S.A. for a period of 10 years. 
This equipment was originally developed 
by Ekco Electronics. 


The sixteenth Annual Electronics, 
Instruments and Components Exhibition 
and Convention organized by the Insti- 
tution of Electronics is to be held at the 
Manchester College of Science and Tech- 
nology from 6 July to 12 July. Par- 
ticulars-of the Exhibition and Conven- 
tion can be obtained from the secretary, 
Mr. W. Birtwistle, 78 Shaw Road, Roch- 
dale, Lancs. 


Mr. P. A. Fleming, the technical secre- 
tary of the British Radio Valve Manu- 
facturers’ Association (BVA) and the 
Electronic Valve and Semi-Conductor 
Manufacturers’ Association (VASCA) 
attended a conference held recently in 
Syracuse, New York, at the invitation 
of the Joint Electron Device Engineering 
Council of the Electronic Industries 
Association, the organizers of the con- 
ference. Since 1951 there has been con- 
siderable exchange of information 
between the U.S. and U.K. associations 
to secure alignment of national standards 
on dimensions and methods of measure- 
ment. 


A new type of loud-speaking com- 
munication system has been developed 


for the Royal Navy’s first nuclear- 
powered submarine, H.M.S. Dreadnought, 
by the Industrial Supplies Division of 
Standard Telephones and Cables Limited. 
In the Dreadnought installation there 
are 64 loud-speaking stations, each of 
which consists basically of a microphone 
and pre-amplifier unit, a loudspeaker and 
a loudspeaker amplifier unit. Stations can 
be directly coupled in groups of stations 
by the operation of switches, or con- 
nected to the ship’s automatic exchange. 
These switches allow the setting up of 
a large number of different sized groups 
which may vary from 2 stations to 60 
stations. The amplifiers are fully tran- 
sistorized units, built to withstand full 
Admiralty shock and vibration tests. 
Special features have been incorporated 
in the automatic gain control circuits so 
that when there is no speech the gain 
of the microphone amplifier is very low, 
whereas that of the loudspeaker ampli- 
fier is high. When the operator speaks 
into his microphone, the gain of the 
microphone amplifier is increased while 
that of the loudspeaker amplifier is 
decreased. This prevents acoustic feed- 
back from the loudspeaker into the 
microphone 
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ELECTRONIC EQUIPMENT 


A description, compiled from information supplied by the manufacturers, of new components, 
accessories and test instruments. 
(Voir page 331 pour la traduction en francais ; 


COMPARATOR BRIDGE 
(Illustrated below) 


Mec-Test Ltd, Henrietta House, Henrietta Place, 
Leadon, W.1 


The Comparatron Limit Bridge type 51 
provides a rapid means of testing re- 
sistors, capacitors and inductors for 
accuracy of value to pre-set limits. Two 
limit dials are set to the required 
tolerance up to +25 per cent (in steps 
of 0:2 per cent) and components can be 
tested in a fraction of a second. 

This instrument is a_ self-contained 
mains operated universal impedance 
bridge operating at a frequency of Ikc/s 
for the rapid comparison within pre-set 
limits of resistors, capacitors and induc- 
tors of the types and sizes most com- 
monly used in radio and electronic equip- 
ment. When manually employed it will 
test components as fast as they can be 
applied to the contacts. Indication is 
made by coloured signal lamps showing 


“REJECT HIGH’ or ‘PASS’ or ‘REJECT 
Low’ (and aural indication can be sup- 
plied for blind operators). Under these 
conditions the Comparatron Limit Bridge 
is as simple to operate as a ‘ go/no go’ 
gauge. 

Inspection of components under auto- 
matic production conditions is arranged 
by connecting a rejecting mechanism to 
the appropriate relay contacts. The plug- 
in panel on the front of the instrument 
allows of rapid changeover from manual 
test jig to automatic working. 

The Comparatron Limit Bridge is 
immune from stray pick-up and hand 
capacitance effects, and stable settings 
are ensured by a null balance at each 
limit. The bridge source voltage is 1-5V 
r.m.s. balanced to earth (impedance 
0°62). 

EE 33751 for further details 


INFRA-RED PHOTOCELL 
(/llustrated above right) 


Molierd Ltd. Mollard House. 
Torrington Place, London, W.C.1 


involving infra-red spectroscopy and 
research into the properties of materials. 

The cell, which has a sensitivity area 
of approximately 3mm? of indium anti- 
monide, is attached to its own Dewar 
flask and is cooled by liquid nitrogen 
to a temperature of 77°K (—196°C). 
This cooling system enables very good 
noise figures to be obtained and its 
efficiency is such that the cell can be 
used for 45 minutes without refilling 
the flask. 

The spectral range of the ORP13 is 
from visible to about 5-44, the peak 
occurring at between 45 and 5z. Its 
sensitivity to monochromatic radiation 
is 1SmV/zW of incident radiation. 

EE 33 752 for further details 


A.C, MICROVOLTMETER 
(Illustrated below) 


Marconi Instraments Lid, St. Albans, 
Hertfordshi 


The a.c. microvoltmeter type TF1375 
combines high gain with freedom from 
hum. Covering the range 5uV to 15V 
in twelve ranges, it is fully transistored 
and completely portable, with  self- 
contained battery supply. The frequency 
range is 50c/s to IMc/s with switch- 
selected I.f. rejection. 

Basically the instrument consists of a 
frequency-compensated input attenuator 
with decade steps, and a seven-transistor 
frequency-compensated amplifier having 
a voltage gain of approximately x 5 000. 


Deutsche Ubersetzung Seite 337) 


Output from this amplifier is rectified in 
a full-wave bridge circuit before appli- 
cation to the meter; in addition, the 
output from the penultimate stage is 
available at a front-panel outlet. 

The 4in meter has an _ overload- 
protected movement with clear high- 
discrimination voltage and decibel scales. 

The TF 1375 can be used for a variety 
of purposes; for example, as an oscillo- 
scope pre-amplifier, as a sensitive 
measuring-bridge detector, or for field 
strength and aerial tests. In conjunction 
with a suitable pick-up loop, measure- 
ment may be readily made of leakage 
flux emanating from mains transformers 
and electric motors. Input impedance and 
sensitivity are such that it can be used 
as a microammeter for detecting currents 
as low as 10-'°A. 

EE 33 753 for further details 


STABILIZED POWER UNIT 
(Illustrated above) 


Allied Electronics Lid, 28 Upper Richmond Road, 
Putney, London, S.W.15 


The latest addition to the ‘ Altron’ 
range of electronically stabilized power 
supy .y units is type EV451-A. This is a 
portable unit measuring 124in by I lin by 
8tin overall and providing fixed and 
variable d.c. outputs of 200V and 0 to 
300V respectively in addition to a heater 
supply of 6°3V 3A (a.c.). 

The variable supply may be adjusted 
to any voltage in the range 0 to 300V 
by coarse and fine controls, and will 
deliver up to 50mA at any voltage 
between 0 and 250V; the stability of out- 
put voltage about the set point is better 
than +0015 per cent for changes in 
mains supply of +10 per cent and all 
current values from no load to full load. 
The internal resistance of the supply is 
less than 0-252 and the impedance less 

than 20 up to 50kc/s. A volt- 





Mullard have developed a 
new photoconductive cell, the 
ORP13, which is claimed to 
have a higher detectivity than 
any other photocell with infra- 
red applications yet commer- 
cially available in the world. 
It is intended for applications 





MESUCORA 


(Measurement, Control, Regulation and Automation) 
‘Electronic Engineering’ will occupy stand AB3-10 is 
at the above exhibition to be held in Paris from 9 te 


17 May and visitors will be welcome. 


meter and an ammeter are per- 
manently connected in the vari- 
able supply. 
The maximum ripple voltage 
ImV r.m.s. under all con- 
ditions. Any current up to 8mA 
may be drawn from the 200V 
fixed supply, and the character- 
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EE 33 118 for further details 


travelling wave 
tubes"... 


many problems is the TWCS. It has an output of 

11 watts and a gain of 39 dB. over a frequency range 
5.8-8.2 kMc/s. It is readily replaceable in the 

periodic magnetic circuit. If you have a valve problem 
simply telephone RIV 3431 and ask for our 


Technical Information Centre or write to the address below. 


* You will find the solution to many valve 
problems on our stand at the RECMF Exhibition, Earis Court, 
May 3Oth-June 2nd. Stand Number 163. 


HS & 
ai ‘ES 


THE M-O VALVE CO LTD 


BROOK GREEN HAMMERSMITH LONDON W6 
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EE 33 119 for further details 


NEW TY TUNER HIGH SLOPE VHF TETRODE 


EDISWAN MAZDA 30F27 


The 30F27 is a frame grid VHF tetrode having a mutual 
conductance of 15 mA/V at an anode current of 13-5 mA and a 
screen current of 1-7 mA with variable-mu characteristics to 
reduce cross-modulation effects at high signal levels. 

This tetrode used in the RF stage of a television tuner offers 
certain advantages over the more conventional double triode 
cascode arrangement. For instance, the number of circuit com- 
ponents required is smaller, the layout is simpler and for valves 
having comparable slopes the single cathode type valve can be 
manufactured more economically. 

Normally the noise performance of a tetrode is inferior to that 
of a triode due to the presence of partition noise arising from the 
screen current. However the 30F27 has been specially designed 
to provide a low ratio of screen to anode current to minimise the 
effect of partition noise while still retaining good screening between 
control grid and anode. When this is used in conjunction with 
frame-grid techniques a high slope per milliamp of anode current 
can be obtained resulting in a high gain RF valve with a noise 
performance much superior to that of a conventional pentode and 
equal to that of a double triode cascode amplifier such as the 30L1. 


Heater Current (amps) In 0-3 
Heater Voltage (volts) Vp 3-7 


TENTATIVE RATINGS AND DATA 

Maximum Design Centre Ratings 
Anode Dissipation (watts) Kg «+ ‘Pa(max) 
Screen Dissipation — “ne ae 2( max) 
Anode Voltage (volts) . oe a ve max) 
Screen Voltage (volts) . Va(max) 
Heater to Cathode Voltage (volts rms) Va-u(mex)rms 
Cathode Current (mA) Tx(max) 

* From Cathode to higher potential heater pin. 


Inter-electrode pene Pt 
Input Capacitance “a Cin 
Output Capacitance .. “s «+ Cout 
Grid 1 to Anode ee ee «+ Cgi-e 
Grid 1 to Grid 2 a aa er ig 
Grid | to Cathode eo 

+ Measured in fully shielded + og without can. 
Maximum Dimensions (mm) 

Overall Length .. Po vo 

Seated Height .. oo jn @ 
Diameter ws os ae Sy 


TYPICAL OPERATION 
Cathode Grid 
Self Bias Current 
Circuit Bias Circuit 

Supply Voltage (volts) .. - 200 200 
Anode Voltage (volts) . a 170 150 
Screen Voltage (Initial) (volts) . i 140 105 
Anode & Screen Common 

Decoupling Resistor (kQ) .. eA 3:3 
Anode Decoupling Resistor (kQ) . . — 
Screen Decoupling Resistor (kQ) .. 3: 33 
Cathode Bias Resistor (2) ; — 
Grid Current Bias Resistor (kQ) ) 
Grid Bias Voltage approx.  saceie 
Anode Current (mA) .. 
Screen Current (mA) . 
Mutual Conductance (mA) IV) . 
Inner Amplification 

Factor (gi to ge) a -+ Ugi-e2 
Equivalent Grid Noise 

Resistance (2). . nS Rea 450 
Input Loss at 50 Mc/s (ik 2) Tgi-x(w) 6°84 
Input Capacity Working (pF) . Cin(w) 10-3%§ 
Change in Input 7 produced by 

biasing valve to cut-off (pF) L\Cin(w) 2:94 — 

§{ Measured at 50 Mc/s with the three cathodes strapped and 
taken directly to earth. 

§ Inter-electrode capacity with holder capacity balanced out. 


Tentative Characteristic Curves of Ediswan Mazda Valve Type 30F27 
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istics of the supply are otherwise as for 
the variable supply. The two d.c. supplies 
are brought out to three terminals, the 
variable supply being positive, and the 
fixed supply negative, with respect to the 
common terminal: both supplies are 
isolated from earth, hence the unit may 
be used to produce a low current (0 to 
8mA) supply of 0 to +S500V. 


EE 33 754 for further details 


MULTI-RANGE METER 
(Illustrated below) 


Distributed by: Aveley Electric Ltd, Ayron Road, 
Aveley Industrial Estate, South Ockendon, Essex 


The Gossen meter type UPHI is a 
robust multi-range instrument designed 
for the measurement of alternating volt- 
age, real and reactive current, power 
factor, frequency, resistance, apparent 
reactive powers. 


phase-angle and 


The versatility and robust construc- 
tion of the UPHI, combined with a 
mirrored scale, make it a useful and 
portable measuring instrument for use 
in the 40c/s to 4kc/s range. 

The full scale readings provided by the 
UPHI are 12 to 600V. 60mA to 120A, 
12 to 100k{22 multi-range +90 
sin ¢) at 400c/s and 4kc/s. 

The unit has strong moving-coil move- 
ment of high quality, with spring-loaded 
jewelled bearings. An internal 1:5V 
battery is used as a power supply source 
for resistance measurements, a _ rotary 
potentiometer being used for zero set- 
ting 


(cos ¢ 


EE 33 755 for further details 


BATCH COUNTERS 
(llustrated above right) 


Pentechnique Ltd, Imperial Lane, 
Gloucestershire 


Compact batch counters, with 2, 3, 4 
or 5 Dekatron tubes, which can be 
supplied with many modifications to suit 
particular applications are the latest 
developments in the  Pentechnique 
Limited range of counting units. Cap- 
able of batching numbers up to 99 999 
at rates up to 5 000 per second, the units 


ChekKenham, 


MAY 1961 


can be fed from photo-electric or mag- 
netic pick-ups. The lower section of the 
units can have controls and circuits 
specifically designed for the type of feed 
equipment to be used and the batch out- 
put signal can be in the form of relay 
contact closure or electrical signal 

The illustration shows a 5-Dekatron 
batch counter used with a vibratory bowl 
feeder and photo-electric pick-up to 
count pre-selected quantities of rubber 
*O’ rings. Two simple adjustments cater 
for 15 different sizes from 7/32in o.d. to 
15/16in o.d. All controls, including those 
for the bowl feeder, are grouped on the 
lower panel of the batch counter and 
special circuits ensure foolproof opera- 
tion. The ‘ start’ button resets the Deka- 
trons to zero to initiate the process and 
if, for any reason, the resetting is faulty 
the bowl feeder will not be energized 
The operator is thus relieved from the 
necessity to check that the resetting is 
correct. If, during a count, it is required 
to stop the bowl feeder the ‘ stop’ button 
can be pressed—subsequent operation of 
the ‘start’ button will not reset the 
Dekatrons but will allow the count to 
continue from where it left off. 

A variety of magnetic and photo- 
electric pick-ups can be supplied to detect 
a wide range of components. Mounting 
arrangements for the pick-ups and 
adaptations of bowl feeders can be 
undertaken if required. 

EE 33 756 for further details 


SEMICONDUCTOR RETAINERS 
(Illustrated below) 


Rendar Instruments Ltd, Victoria Road, Burgess 
Hi, Sussex 


These retainers have been designed to 
firmly anchor transistors between 3/16 
and 4in diameter. The base is moulded 
in polypropylene and clamping is carried 
out by a hardened beryllium copper 
spring. The retainer can be fixed to a 
panel by one 8 B.A. screw and a moulded 
pin prevents twisting. 


EE 33 757 for further details 
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HIGH IMPEDANCE VOLTMETER 
(llustrated below) 


Distributed by: Scientific Furnishings Ltd, 
Poynton, Cheshire 
The 


Halex model 301E Electrosensor 
Voltmeter is a sensitive precision unity 
gain follower-amplifier with a d.c. fol- 
lowing accuracy of 0-001 per cent and 
a current sensitivity of 10-"A (60 elec- 
trons/sec), The effective input resistance 
is greater than 10-"2 and the input 
capacitance less than 0-0lpF so that the 
response time is negligible. Low and 
high impedance output terminals are 
provided of less than 0-22 and 500% 
respectively. 

Conveniently located shieldings on the 
input terminal permit instrumentation 
arrangements for extremely low energy 
work without the need for large cumber- 


some shieldhoods or shielded rooms, and 
without causing long time-constants to 
upset the readings. 

The performance of the Electrosensor 
Voltmeter is the result of a design tech- 
nique known as ‘relativistic coupling’ 
developed in the U.S.A. by Halex 
Incorporated. Eight stages of amplifica- 
tion are used including a floating elec- 
trometer amplifier but without either 
vibrators or choppers. : 

The system consists of three pre- 
cision unity gain amplifiers completely 
surrounded by three distinct screens, 
the earth for the innermost amplifiers 
serving as the screen for the succeeding 
amplifiers. Each of the three screens is 
connected to one of the three Teflon 
insulated guard shields concentrically 
located around the centre input con- 
ductor together with an external earth 
shield. The three guard shields are 
driven from the amplifiers in the instru- 
ment at voltages very nearly identical 
to the input signal on the centre con- 
ductor. The effect of this system is to 
raise the effective input impedance above 
that of the Teflon insulation and even 
above the free space surrounding the 
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instrument, The multiple shielding also 
prevents stray pick-up. 
An output meter is built in to provide 
a display accuracy of 1 per cent. A 
switch selects eleven calibrated ranges 
with full scale values from +1V up to 
+250V dc. or 500V peak-to-peak for 
low frequency a.c. Frequencies up to 
ikc/s can be accepted at low amplitudes 
from a low impedance source. The 
meter switching does not affect the input 
resistance, the output from the terminals 
or the gain of the individual amplifiers. 
After warming up, the drift is less than 
0-001 per cent of full scale voltage. 
EE 33 758 for further details 


TRANSISTORIZED D.C. 
AMPLIFIER 
(illustrated below) 
Electronics Ltd, Springfield Lane, 
Weybridge, Surrey 
This completely transistorized chopper 
stabilized d.c. amplifier is intended for 
use in process control, analogue comput- 
ing and general amplifier applications. 


Fealow 


It is a high gain amplifier incorporating 
an auxiliary drift correction channel 
which makes use of a chopper transistor. 
The chopper drive waveform is obtained 
from a multivibrator which is incor- 
porated in the amplifier case. 

The drift is of the order of 200zV, the 
noise less than 100“V and the open-loop 
bandwidth Ikc/s. 

EE 33 759 for further details 


SOUND LEVEL METER 
(lllustrated above right) 


Distributed by: B & K Laboratories, 4 Tilney 
Street, Park Lane, London, W.1 
The 


Briiel & Kjer precision sound 
level meter type 2203 is transistorized, 
portable and battery-operated and is built 
to fully fulfil the proposed international 
IEC standards for precisioon sound level 
meters. 

Equipped with a precision capacitance 
microphone (B & K type 4131) the 
instrument gives a direct scale reading 
from 22 to 134dB to an accuracy of 
+1dB and the linear frequency charac- 
teristic ranges from 20c/s to 15kc/s. An 
overall amplification of 110dB gives full 
deflexion on the meter for an input volt- 
age of 10“V, and by applying extensive 
negative feedback throughout, stable 
operation of the amplifier is ensured. A 
built-in stabilized control generator gives 
a ready check on the amplification. 
Between the first and second stages of the 
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as a 


amplifier the three IEC weighting net- 
works for precision sound level meters 
are included. The rectifier circuit for 
the meter is of the quasi-r.m.s. type to 
fulfil the IEC standard requirements. 

The meter can be rapidly converted 
into a frequency analyser by the con- 
nexion of external 1/3 and 1/1 octave 
filters, and when a permanent record of 
the measurements undertaken is required, 
a level recorder can be connected to its 
output. By substituting the microphone 
cartridge with an adaptor (input adaptor 
JJ2612) it can be converted to a voltage 
and vibration amplifier, and by connect- 
ing an accelerometer to the input, vibra- 
tion measurements can readily be made. 

To facilitate the taking of measure- 
ments in dim and badly lit places the 
meter scale can be lit, and when in 
operation an intermittent pilot light 
periodically flashes, indicating that the 
power supply is on. The instrument can 
be supplied with a solid leather carrying 
case. 


EE 33 760 for further details 


VALVE-VOLTMETER 
(/llustrated below) 


Electrical Instruments Ltd, Montrose 
venue, Slough, Buckinghamshire 


The model 172A is a general purpose 
valve-voltmeter of compact dimensions 
and good stability. It has an input 
impedance of 11M® on d.c. and between 


Taylor 


830k2 and 1-5M2 on the a.c. ranges. In 
conjunction with a crystal probe the 
meter can be used at frequencies of over 
200Mc/s. 

The calibrated ranges are: 0 to 1°5kV 
d.c. in seven ranges; 0 to 1°5kV ac., 
r.m.s. in seven ranges; 0 to 4:2kV a.c., 
peak-to-peak in seven ranges and 0 to 
100M in seven ranges. D.C. readings 
up to 30kV can be made by use of a 
special probe. 

A centre-zero setting and a polarity 
reversing switch are incorporated. 


EE 33 761 for further details 


PROXIMITY SWITCH 
(Illustrated below) 


The Donovan Electrical Co. Lid, Granville 
Street, Birmingham 1 


This proximity switch is designed to 
take the place of normal limit switches 
in particularly arduous situations, or 
where it is not convenient to make 
physical contact with a mechanically 
operated limit switch. The detector head 
is completely sealed from oil, suds, etc., 


and contains no moving parts. Since 
there is no iron core or permanent 
magnet in the head, ferrous dust or swarf 
are not attracted. 

A substantially flat metal surface of 
sufficient area, say 1 or 2in*, coming 
within approximately 4in of the flat face 
of the head causes a relay to operate in 
the control unit. The repetitive accuracy 
of operation depends to some extent on 
the method of application, but it is nor- 
mally of the order of 0-020in. Provided 
that it presents sufficient flat surface to 
the head, any type or thickness of metal 
is detected, but swarf or metal dust 
normally have no effect since the par- 
ticles are too small to be detected. The 
normal head is I4in in diameter and 
this is coupled to the control unit by 
6ft of coaxial cable, The control unit is 
contained in a sheet steel box measuring 
7in by 6in by 44in. 

Wide variations of supply voltage from 
the nominal value of 230 or 400V are 
permissible. The normal power consump- 
tion of the control unit is 6W. 

Special heads for tool breakage detec- 
tion, and special control units for use 
with static switching systems can be 
supplied. The proximity switch operates 
on an inductive coupling principle rather 
than by capacitance, so that it is not 
affected by stray pick-up. 

EE 33 762 for further details 
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‘GENERAL RADIO’ 


V.H.F.— U.HLF. 


EE 33 120 for further details 


MEASURING EQUIPMENT 


With basic measuring instruments, such as the Slotted Line or Admittance Meter, generators, 

detectors, and a wide range of inter-related coaxial elements, all linked through the ingenious 

Type 874 connector, ‘GENERAL RADIO’ offer the scientist and engineer a 50-ohm VHF- 
UHF measuring system that is 


Complete - Integrated - Accurate + Versatile 


Micrometer Vernier 
shown attached. 


TYPE 874-LBA SLOTTED LINE: 


Basic measuring instrument for examination of the standing-wave- 
pattern of the electric field in a coaxial line, from which VSWR, 
impedance of load, phase of reflected wave, losses in attached elements, 
degree of mis-match between line and load, etc. can be determined. 
Accurate and straightforward in use. Frequency range 300-5000 Mc/s 
(with some loss in accuracy: 150-7000 Mc/s). Also available: Type 874- 
LV Micrometer Vernier (for measurement of high VSWR). Type 874- 
MD Motor Drive for oscillographic display of standing-wave pattern. 


TYPE 1602-B ADMITTANCE METER: 


A compact and versatile instrument, accurate 
and rapid in use, for determining the compon- 
ents of an unknown admittance in the VHF- 
UHF range. Scales read directly in conductance 
and susceptance, independent of frequency. With 
unknown connected through quarter-wave- 
length line, scales read in resistance and 
reactance. Can be used for measurement of 
VSWR and reflection coefficient, matching or 
comparison of impedances, and measurements 
on balanced line circuits (with the Type 874-UB 
‘Balun’). Frequency range 41-1500 Mc/s. 
(Down to 10 Mc/s, with correction). Includes 
conductance and susceptance standards. 


Write for complete information. 


SYSTEM 


Keystone of the entire system is the unique Type 874 coaxial 
connector, fitted to all elements (see illustration below); this low-loss 
connector, any two of which, although identical, can be plugged 
together gives the system versatility and ease in setting-up for any 
measurement, and is characteristic of G-R’s clear-sighted engineering 
philosophy. Low-loss adaptors are obtainable to link up with other 
systems. 

Around this connector G-R have developed a wide range of coaxial 
elements :- lines, stubs, filters, attenuators, capacitors, inductors, 
insertion units, ells, tees, terminations, etc., of excellent electrical 
characteristics. These coaxial elements, together with generators, 
measuring gear, detectors, ‘Balun’, and other instruments form a 
complete and integrated line of high-frequency measuring equipment, 
designed for highest accuracy, dependability and convenience in use 
...in keeping with the G-R tradition of supplying only the finest in 
laboratory equipment. 


Pe 


Identical Type 874 connectors 


tee quem 
—— ee ee 








Sole U.K. representatives of the General Radio Company, U.S.A. 


Valley Works - Hoddesdon - Herts - Tel: Hoddesdon 4541-6 


and 76 Old Hall Street - Liverpool 3 
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CLayic 


Tel : CENtral 4641-2 





EE 33 121 for further details 


ORDERED 


ABROAD 


or It’s a Piece of Cake 


SHAP3OB 


A Gripping Contemporary Drama 


Sell or sink! At a time when exports mean so much to 
the nation, we reflect with some pride on our own 
achievement. Almost half our production goes overseas. 
By any standard of judgement, that’s a pretty hefty 


slice of the cake. 


More seriously, BCC design, engineer, insta 


Advisory Service w i be glad to have the opportunity 


UK or anywhere else 


But, we feel bound to add, we ought to be able to ex- 
port such a high proportion. We have our equipments 
to thank for this. With a range as good as ours, the 
normally difficult business of exporting becomes, 


quite frankly, a piece of cake. 














HIGH WYCOMBE BUCKS 
Grams: BeeCeeCee High Wy 
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INSTRUMENT CATHODE-RAY 
TUBES 
(llustrated above) 


Sylvania-Thorn Colour Television Laboratories 
Ltd, Great Cambridge Road, Enfield Middlesex 


A new cathode-ray tube, specially 
designed for wide bandwidth and high 
speed oscillography, is now being pro- 
duced by Sylvania-Thorn Colour Tele- 
vision Laboratories Limited. 

The new tube—the SESD—is a Sin 
precision high sensitivity helical post 
deflexion acceleration cathode-ray tube 
which scans i0cm in the X direction and 
has a Y sensitivity of 3-SV/cm and an 
X sensitivity of 14V/cm, at a final anode 
potential of 10kV. P.D.A. ratio is 12. 

Together with the SESD, four other 
new tubes are being introduced by 
Sylvania-Thorn. 

The SESE is identical in appearance 
to the SESD but has a scanning area of 
6cm x 10cm and a Y  semsitivity of 
5-SV/cm. 

The SE4A and SE4B are both 4in 
tubes with scanning area of S5cm x 8cm 
Operating at a final voltage 8kV and 4kV 
respectively. On the SE4A the X sensi- 
tivity is 48V/cm and the Y sensitivity 
15V/cm, on the SE4B the sensitivities are 
25V/cm, Both tubes have a post deflexion 
acceleration ratio of 4. 

The SE3A is a 3in tube with a scan- 
ning area of Scm x 6cm. The X sensi- 
tivity is 27V/cm and the Y sensitivity 
7V/cm. Final voltage is 4kV. 

EE 33 763 for further details 


TRANSISTOR AGEING EQUIPMENT 
(llustrated below) 


P.T.S. Electronics Lid, 96 Horsenden Lane. 
Greenford, Middlesex 


This equipment is divided into five 
separate ovens which are heated and 
thermostatically controlled at 45°C + 2° 
Each oven contains slide rails for hold- 
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ing transistor loading cards and each oven 
holds four cards giving a capacity cf 
4000 transistors per oven. 
Air circulation is provided by a 
1 000ft®/min fan which draws air via 
ducting through each oven 
Five twin power supplies in the base 
of the equipment provide 0 to 16V at 
100A for supply to the transistors. 
EE 33 764 for further details 


A.F. POWER AMPLIFIER 


Goodmans Industries Lid, Axiom Works, 
Lancelot Road, Wembley, Middlesex 


The PASVA is a 5W (continuous 
rating) power amplifier covering the fre- 
quency range Sc/s to 20kc/s (+1dB) and 
is primarily intended for driving vibration 
generators. 

The circuit consists of a double triode, 
operating as an amplifier and phase- 
splitter, driving a pair of EL84 valves 
working in push-pull under ultra-linear 
conditions. Overall negative feedback is 
taken from the secondary of the output 
transformer to the cathode of the first 
valve. Negative feedback on the mid- 
band is 29dB falling to 26dB at 20kc/s 
and 22dB at Sc/s. 

The total distortion is less than 0-5 per 
cent between 50c/s and 10kc/s at 5W 

EE 33 765 for further details 


DOUBLE-BEAM OSCILLOSCOPE 
(llustrated above right) 


Solartron Laboratory Instruments Ltd, Cox Lane, 
Chessington, Surrey 


The model CDI0I6 is a 
double-beam_ oscilloscope 
rack mounting. 

It has two identical Y amplifiers with 
a bandwidth of d.c. to 5Mc/s and a rise- 
time of approximately 7Ommusec. Nine 
calibrated sensitivity ranges cover from 
100mV/cm to 50V/cm with +5 per cent 
accuracy. In addition a fine control gives 
continuous coverage up to approximately 
199V/cm. The integral a.c. pre-amplifier 
preceding Y, gives six additional sensi- 
tivity ranges with a maximum sensitivity 
of ImV/cm. 

The input impedance is 1M2 and 30pF. 
Inputs may be ‘floated’ up to 500V 
relative to chassis for displaying signals 
isolated from earth. 

The time-base covers Icm/ssec to 
2cm/sec in eighteen calibrated ranges, in 
1-2-5 sequence with +5 per cent measur- 
ing accuracy. A fine control with a 
calibration position gives continuous 
coverage to Icm/sec. The maximum 
sweep speed of Scm/usec may be obtained 
by using X expansion. The oscilloscope 
may be triggered internally or externally 
‘Level’ and ‘stability’ controls permit 
accurate and reliable triggering at a 
selected point on the displayed wave- 
form. 

A ‘bootstrap’ type time-base is 
employed giving a linearity better than 
| per cent. The time-base waveform (10V 
peak-to-peak) is available at a socket on 
the front panel. 


compact 
intended for 


The X amplifier (bandwidth d.c. to 
750kc/s) has a continuously variable sen- 
sitivity from 0 15V/cm to 15V/cm. 
Direct access to this amplifier is avail- 
able for external signals. 

A 30V ‘ bright-up’ pulse derived from 
a separate bistable circuit, d.c. coupled 
to the cathode-ray tube, gives bright dis- 
plays at all sweep speeds. Provision is 
also made for external brightness modu- 
lation. 

A square wave of 0°5V peak-to-peak, 
at mains frequency, is available for 
calibration of the time-base and Y 
sensitivity. 

Stabilized e.h.t. enables calibration 
accuracy to be maintained regardless of 
brightness levels. A 34in diameter double 
gun c.r.t. type 3AZP31 is used. 


EE 33 766 for further details 


NEUTRON GENERATOR 
(Illustrated below) 


20th Century Electronics Lid, Centronics Works, 
King Henry's Drive, New Addington, Croydon, 
Surrey 


This instrument has been designed to 
provide a source of neutrons of variable 
intensity and energy for use in the labora- 
tory. The basic features are: high neutron 
output, experimental flexibility and con- 
tinuous or pulsed operation. 

The instrument employs a D.T. re- 
action to produce 14MeV neutrons. The 
deuterium ions are accelerated on to a 
tritium target, and the neutron output 
under continuous operation is of the 
order of 10° neutrons per second. Fast 
neutrons can be moderated to produce 
thermal neutrons. The unit is con- 
tinuously pumped and has an accelerat- 
ing potential of 150kV. 

In addition to this application as a 
neutron generator the instrument can be 
quickly adapted to provide accelerated 
ion beams of deutrons or protons for 
other nuclear physics applications. 


EE 33 767 for further details 
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PRECISION POTENTIOMETER 
(Illustrated below) 
Miles Electronics Lid, Shoreham Airport, Sussex 

This precision potentiometer has an 
outside diameter of 2 5/32in and a depth 
of lin and, although of small dimensions, 
it is robustly constructed and will operate 
over a long period without loss of 
accuracy. 

Up to 33 taps can be fitted in addition 
to the normal end connexions. Tap con- 
nexions are made to a single turn of 
wire and there is thus no short-circuiting 
of adjacent turns on the resistance 
element. 

The potentiometers have the low start- 
ing torque of S5g.cm for resistance values 
above 10k2 and 7g.cm below 10k®. 

Up to 10 units can be supplied ganged 
together and each gang adds only 0°78 lin 
to the length of the assembly. 


EE 33 768 for further details 


PHOTOMULTIPLIER TUBE 
(Illustrated above right) 


Moliard Lid, Mallard House, Torrington Place, 
London, W.C.1 


Early last year Mullard introduced the 
S6AVP, a high definition photomulti- 
plier tube with a peak response at 
4 200A, designed specifically for use with 
scintillation counters requiring very high 
time resoluticn 

They have now announced a develop- 
ment of this tube fitted with a quartz 
end-window, for use with gas scintillation 
counters. The new type, S6UVP, is 
closely similar to the S6AVP, but its 
spectral response has been extended well 
into the ultra-violet region and it has 
useful response down to 2 300A, with a 
peak at 4 000A. 

For high definition work very small 
electron transit time differences are essen- 
tial and in the 56UVP they have been 
kept down to 2-Omazsec at half-pulse 
height, with a rise-time of the same 
duration. 

This substantial reduction of transit 
time differences is due to the specially 
designed input electron-optical system 
in which the photo-cathode is curved so 
that the path lengths to the first multi- 
plier stage are approximately equal for 
electrons leaving any part of its useful 
area. In fact, the transit time difference 
between electrons arriving at the first 
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dynode from the periphery of the photo- 
cathode and those arriving from the 
centre is only 0-3musec. 

Uniformity of transit times through 
the 14 multiplier stages is maintained by 
careful shaping of the dynodes, and by 
the additional focusing electrodes situated 
between each multiplier stage, which 
progressively narrow the electron beam 
from stage-to-stage despite the rapid 
growth in the number of electrons. 

EE 33 769 for further details 


VIDICON PICK-UP TUBE 
(lllustrated below) 
English Electric Valve Co. Ltd, Chelmsford, Essex 

The 7038 Vidicon television pick-up 
tube has been introduced by the English 
Electric Valve Co. Ltd to meet the 
increasing diversity of vidicon applica- 
tions. This tube is sufficienily compre- 
hensive in design for it to be used in film 
scanning, studio broadcasting and in- 
dustrial applications where _ several 
specialized tubes have been used pre- 
viously. Its small size and simplicity 
facilitate the design and operation of 
camera and associated equipment which 
are extremely compact when compared 
with that required for more complicated 
types of pick-up tube. This feature is of 
particular value in the three tube colour 
camera and in industrial cameras where 
small overall dimensions are a require- 
ment. 

The 7038 has a resolution capability 
of approximately 600 lines in the centre 
of the faceplate. A uniform photo-con- 
ductive layer is used as the light sensi- 
tive element and this is characterized by 
a virtually panchromatic response which 
gives faithful reproduction of flesh tints 
and provides a picture similar to other 
pick-up tubes. The 7038 has a sensitivity 
which permits live pick-up from scenes 
with 100 to 200ft-candles of incident 
illumination, using a lens aperture f/2°8 


to f/4-0. For pictures of broadcast quality 
a faceplate illumination of 6 to 15ft- 
candles in the highlights is recommended 
for live scene pick-up and 100ft-candles 
for film scanning. Under these opera- 
tional conditions smearing is negligible 
and uniformity of the picture is to the 
highest standards. For industrial applica- 
tions this highly sensitive tube may be 
used wih a minimum of 2ft-candles face- 
plate illumination with only a slight 
deterioration in other parameters. 

EE 33 770 for further details 


STABILIZED POWER UNITS 
(Illustrated below) 


Fraser Speller Transformers Lid, Sydenham 
Road, Sydenham, London, §.E.26 


These units are suitable for bench use 
or for building into other equipment. 
The circuit is of the chokeless type and 
electrolytic capacitors are used which 


on ee 


results in a compact unit of compara- 


tively low weight. Standard units are 
available with output voltages of + 150, 
200, 250 and 300V at 0 to 100mA and 
non-standard voltages are available to 
order. Two 63V, 3A a.c. outputs are 
also provided. The stability of the output 
voltage is of the order of 0°06 per cent 
and the r.m.s. ripple less than 2mV. The 
effective source resistance is less than 
0:12 and the output impedance less than 
22 at all frequencies. 

EE 33771 for further details 


TRANSISTORIZED CHOPPER- 
MODULATOR 
(Illustrated page 329) 


Telephone Manufacturing Co. Ltd, Martell Road, 
West Dulwich, London, S.E.21 


Model SM 10 is a small, highly stable, 
silicon transistorized chopper designed 
for low level d.c. chopping. Of the 
directly coupled type, it offers designers 
a simple form of clamp-type chopper. 
It has a built-in wave shaping circuit, 
will operate from any 6V sinusoidal or 
square-wave supply from 40c/s to Ikc/s 
and will switch a range of chopping volt- 
ages from 1zV to 250mV. 

Carefully selected and matched com- 
ponents are used to give a low drift and 
practically everlasting performance. Since 
all the components are encapsulated with- 
in an aluminium can the unit is virtually 
immune from vibration and _ shock 
effects. Unlike mechanical choppers it 
has no moving parts to suffer wear, or 
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EE 33 122 for further details 


Where performance 
and physical size are 
at a premium specify 


SUFLEX plastic 
dielectric capacitors 


POLYSTYRENE 


Range 4.7pf. to O.S5mfd. in values at 125v., 350v. 
and SOOv. working in 20%, 10%, 5% and 24% 
tolerance (+ tpf. minimum). 


Max. temp. 80°C. P.F.0.0005 Stability 0.5%. 
Main feature: Optimum Dielectric Properties 


POLYESTER 


Range O.001mfd. to O.imfd. at 350v. working in 
20% and 10% tolerance. 


Max. temp. 100°C. P.F.0.01. Stability 5%. 
Main feature : New high order of Reliability 


POLYCARBONATE 


Range 100Opf. to .Oimfd. at 125v. and 350Ov. 
working in 20%, 10% and 5% tolerance (+ 5pf. 
minimum). 


Max. temp. 125°C. P.F.0.003. Stability 5%. 
Main feature: High Operating Temperature 


SUFLEX LTD. 54 UXBRIDGE ROAD, EALING, LONDON, W.5 
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EE 33 123 for further details 


If it acc 


@ Ifit is, for example,arocket goingup, 

an aircraft flying,a vehicle going along, 

or a machine part going back and forth or round and round—whatever 
its speed, rate of acceleration, direction—Epsylon recorders offer you 
the most advanced recording facilities: up to 16 channels per inch: 
wide frequency range from DC; capacity 5,000 ft.; a range of tape speeds 
upto 150 ins./sec.; endless loop; remote control; recording and replaying 
at different speeds; fixed and mobile models. Epsylon instruments 
record physical conditions, digits and sound, and can play a key part in 
a variety of applications, ranging from research to prospecting; from 
electronic computers to music in aircraft. May we send you full details? 


EPSYLON INDUSTRIES LTD Faggs Road; Feltham, Middlesex, England. Telept 





+ 
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contacts to become contaminated and it 
never needs adjustment. Moreover, it is 
highly stable over a wide temperature 
range. 

EE 33 772 for further details 


MINIATURE INTEGRATING GYRO 
(illustrated below) 


Ketay Ltd, Eddes House, Eastern Avenue West, 
Romford, Essex 


Introduced recently by the Norden 
Division of United Aircraft Corporation 
and now available in the U.K. through 
Ketay Limited, is a new miniature inte- 
grating gyro, type RI-203. 

Applications for this precision gyro 
include inertial navigation and guidance 
for missiles and aircraft, stabilization of 
shipboard devices and many others 
demanding dynamic angular measure- 
ment. 

Features of the new gyro include low 
drift rate—it has a random drift of less 
than 0-02° /h, excellent day-to-day stability 

0-10°/h without trimming—and the un 
usually long life of 3000 hours. The low 
drift has been achieved with a spin mo‘o: 
turning at only 12000 rev min—a speed 
which contributes substantially to tne 
unit’s long life. 

Only 3-lin long by 2in in diameter. 
this guidance gyro, including heater and 
shields, weighs one pound. 


EE 33 773 for further details 
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V.H.F. SIGNAL GENERATOR 
(lllustrated below) 


Telecommunications Lid, 15a Market 
Square, Crewkerne, Somerset 


This portable signal generator is fully 
transistorized and has good frequency 
stability and low leakage, thus catering 
for the high sensitivities and _ close 
channel spacing of modern v.h.f. re- 
ceivers 

The frequency range covered is 115 to 
135Mc/s and the output voltage O-14V 
to 10mV into 7522. The r.f. leakage is 
less than 0-24V and the frequency drift 


R.E.E. 


less than Skc/s during a 10min period. 
The calibration accuracy is 0:2 per cent. 
The generator is powered by internal 

mercury cells. 
EE 33 774 for further details 


MOTORIZED TELEVISION TURRET 
(Illustrated below) 
The Plessey Co. Ltd, Vicarage 


Lane, Hford, 


We regret that in the description of 
this unit on page 254 of our April issue 
an incorrect illustration was shown. The 
correct illustration is shown above. The 
illustration shown in our April issue 
was a miniature i.f. transformer manu- 
factured by The Wireless Telephone Co. 
Ltd. who are Plessey 
Co. Ltd 


associates of the 


EE 33775 for further details 


PORTABLE 
ELECTROCARDIOGRAPH 
(Illustrated above right) 


New Electronic Products Lid. 
* Road, London, S.E. 


This miniature portable electrocardio- 


360 Kennington 
il 
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graph measures only 9in by 4in by 4in 
and weighs 9lb complete in its leather 
carrying case. The unit, which employs 
transistors and printed circuits, is powered 
by internal rechargeable batteries 

The record can be seen as it is recorded 
and standard features are incorporated, 
such as full lead selection and ImV/cm 
standardization with ‘divide by two’ 
switch. 

The chart is 50ft long and 40mm wide 
and speeds of 50mm/sec, 25mm/sec and 
S5mm/sec are ptovided. The recording 
system is of the hot stylus type and a 
microswitch varies the stylus heat in con- 
junction with speed selection. 

The input impedance is better than 
IM® and the frequency response within 
£3dB from d.c. to 70c/s. 


EE 33776 for further details 


DRY REED RELAYS 
(Illustrated below) 


B & R Relays Ltd, Temple Fields, Harlow, 
issex 


B & R Relays are now in production 
with two dry reed relays. One of the 
main advantages of dry-reed cons ruction 
is the very high life expectancy (20 ~ 
10° operations at maximum contact 
rating).-The contact resistance is also 
interesting, being only 00-0302. The new 
relays are of the plug-in type. Type ROI 
is mounted on an 8-pin base, and will 
hold up to three reeds. Type R02, which 
apart from the base is the same size, 
has a 14-pin base, and has been designed 
to hold 4, 5 or 6 reeds. Both relays are 
d.c. operated, and measure Ijin in dia- 
meter, being about 34in high. The 
nominal operating power for one reed is 
0-1W to 0-9W for six reeds. 


EE 33777 for further details 
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Meetings this Month 


THE BRITISH INSTITUTION OF 
RADIO ENGINEERS 


Date: 3 May. Time: 5.30 p 

Held at: The London School of , and 
Tropical Medicine, Keppel Street, Gower 
Street, London, W.C.1 

Symposium: Computer Control of Air Traffic 

Date: 17 May Tirne p.m 

Held at: The. London School of Hygiene and 
Tropical Medicine, Street, Gower 
Street, n, WC 

Lecture: Video Tape Record'ng 

Southern Section 

Date: 16 May Time: 7 p.m 

Held at: oe wigh Technical College 

Lecture: Annual General Meeting of the Section 
followed by Electronic Techniques in the 
Measurement of Acoustic Noise 

By: K. R. McLachlan 


THE INSTITUTE OF NAVIGATION 


Date: 12 May Time: 5.15 

Held at: The Roval Geogranvhical "society, Ken- 
sington Gore, London, S.W.7 

3 Airborne Weather Rader 

By: R. C. Alabaster and P. L. Stride 


THE INSTITUTION OF ELECTRICAL 
ENGINEERS 


All meetings will be held at Savoy Place, Lon- 

don, W.C.2, unless otherwise stated. 
Electronics and Communications Section 

Date: 1 May Time: 5.30 o.m 

Lecture: Proeress Repert on the Development 
of a Photo-Electric Beam Index Colour Tele- 
vision Tube and System 

By: R. Graham, J. W. H. Justice and J. K 
Oxenham 

Date: 8 May Time: 5.30 pm 

Lecture: The Corona-Discharee and _ its 
cation to Voltage Stabilization 

Ry: E. Cohen and R Jenkins 

Lecture: Imnedance Frequency Characteristics of 
Glow-Discharee Reference Tu 

Ry: F. A. Benson and P. M. Chalmers 

Lecture: Commarison of Areon, Krypton and 
Xenon as Admixtures in Neon Glow- Discharge 
Reference Tubes 

F. A. Benson and G. P. Burdett 

Date: 15 May Time: 5.30 p.m 

Lecture: Circuits for the Banana Tube Colour 
Television Display System 

By: K. G. Freeman 

Lecture: Mechanics! and Manufacturine Asvects 
of the Banana Tube Colour Television Display 
System 

Ry: H. Howden 

Lecture: Appraisal of the Banana Tube Colour 
Television Disrliay Svstem 

Ry: K. G_ Freeman and B. R. Overton 

Lecture: The Banana The Display Svstem—A 
New Anrroach to the Display of Colour Tele- 
vision Pictures 

Py: P. neon 

ecture: Colorimetry of the Banana Tu oO} 
Television Display System _ 

By: R. N_ Jackson 

Lecture: The Banana Tube 

By: B. A. Enstwell 

Date: 17 May Time 

Lecture: Air Traffic Control 

By: E. Eastwood and B. J. O'Kane 


Measurement and Electronics Section 
—— 2 May Time: 5.30 pm 
ecture: Structural Properties and Applicati 
of Evavorsted Metal Films = a 
By: D. W. Pashley 
——- Deposition of Evaporated Non-Magnetic 
ums 
By: J. R. Balmer 


Medical Electronics Discussion Group 
Date: 5 Mav Time: 5.30 p.m 
Lecture: Artificial Muscles 
By: A. G. Kinnear Wilson 
Supply Section 
i 5.30 p.m 
Supply in India and its 


Appili- 


5.30 p.m 


May 
Electricity 


Date: 10 

Lecture 

Future 
By: M. Datta 

Education Discussion 

Date: 12 May Time: 6 

Lecture: The Place of Transistors 


Certificate Courses 
By: B. F. Gray and W. B. K. Ellis 


Circle 


in National 
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Utilization Section 
Date: 25 May Time: 5.30 p.m 
Lecture: Electric Traction 
By: J. A. Broughall. 


THE INSTITUTION OF 
ELECTRONICS 

7 p.m. 

The Byng Ken- 

Gosta 


Date: 18 May Time: 

Held at: The Lecture Theatre, 
rick Suite, New College of Technology, 
reen, Birmingham, 

Lecture: Tunnel Diode Circuit 

By: I. Aleksander 

Date: 19 May Time: 7 p.m 

Held at: The Large Lecture Theatre, The Lon- 
don School of Hygiene and Tropical Medicine, 
Keppel St., Gower St., London, W.C.1 

Lecture: Aerial Techniques 

By: C. F. Whitbread. 


Applications 


THE SOCIETY OF INSTRUMENT 
TECHNOLOGY 


Date: 11 May Time: 7 
Held at: Manson House, 
London, W.1 
Lecture: Control 
Nervous System 
By: Dr. W. Grey Walter 


p.m 
26 Portland Place, 


Mechanisms in the Human 


PUBLICATIONS 
RECEIVED 


KYBERNETIK is the title of a new German 
journal published by Springer-Verlag, Berlin. A 
prospectus giving details of this journal and sub- 
scription rates may be obtained from Springer- 
Verlag, Heidelberger Platz 3, Wilmersdorf, Ber- 
lin, Germany 


BY PRECISION TO PERFECTION is a bro- 
chure illustrating the facilities and range of 
activities of English Electric Valve Company 

brochure presents a general graphic des- 
cription of the operations and applications which 
are peculiar to their industry—specialized valves. 
Inquiries should be addressed to Chief of Pub- 
licity, English Electric Valve Co. Ltd, Water- 
house Lane, Chelmsford, Essex 


A MAGNETIC TAPE RECORDING SYSTEM 
FOR NUCLEAR PHYSICS RESEARCH by 
I. N. Hooton of the Electronics Division of the 
U K.A.E.A., Harwell, 
available from Her 
Price 7s 


is the title of a report now 
Majesty’s Stationery Office. 


BRITISH STANDARD for Steel Sheets for 
Magnetic Circuits of Power Electrical Apparatus, 
Part 2: Orientated Steel, covers orientated mag- 
netic steel strip and sheets intended primarily 
for machines and transformers operating at 
power frequencies, and applies to material which 
will be supplied in one nominal thickness only 
and in four grades. Tests are laid down for 
total losses and a.c. excitation, effect of ageing, 
stacking factor and insulation values. Test 
procedure and formulae and typical values are 
included in the five appendices. Copies of the 
Standard may be obtained from the British 
Standards Institution, Sales Branch, 2 Park 
Street, London, W.1. Price 5s 


MICHAEL FARADAY by A. Jeffreys is a biblio- 
graphy of Faraday's lectures and published 
writings aimed at recording in a single sequence 
and in chronological order: all books and separ- 
ate publications and all manuscript lecture notes 
in the Faraday Collection at the Royal Institu- 
tion. The book is publish by p and 
Hall Ltd, price 42s. 





SOME INDUSTRIAL USES OF PLATINUM 
METALS is a publication produced with the 
Object of acquainting design engineers and 

nologists with the many and varied uses of the 
platinum metals. Inquiries should be addressed 
to the Baker Platinum Division of Engelhard 
oo Ltd., 52 High Holborn, London, 

>. 


OPPORTUNITIES FOR RESEARCH at the 
National Physical Laboratory is the title of a 
descriptive booklet recently published, which 
gives some of the facts about appointments in 
this Establishment. Further details and informa- 
tion may be obtained from the Director, National 
Physical Laboratory, Teddington, Middlesex 


RUSSIAN PATENTS is an English translation 
of the U.S.S.R. official bulletin of patents and 
inventions. A booklet giving information on 
the Russian patent system in order to give in- 
tending subscribers to this publication a_ chance 
to evaluate its use is available from Derwent 
Information Service, Dept. JP., Rochdale House, 
Theobalds Road, London, W.C.1. The annual 
subscription is £40 or $120 


oc CONTROL—B.S. 1523: Section Two 

This revised edition of Section Two of 
BS 1523, gives up-to-date definitions of the 
terms used in process industries for single closed. 
loop automatic control systems and is illustrated 
by diagrams. As much information as possible 
on the drafting of similar American and Con- 
tinental glossaries has been obtained to avoid 
contradiction between such drafts and this British 
Standard. Copies of this standard may be ob- 
tained from the British Standards Institution, 
s Branch, 2 Park Street, London, W.1! 
price 6s 


MINING & CHEMICAL PRODUCTS LIMITED 
have recently published four booklets entitled 
as follows:—1, Semiconductors; 2, Thermoelec- 
tric Materials; 3, Bismuth Telluride Semicon- 
dctors and 5, Galvanomagnetic Effects and 
Materials. Copies are available on application 
to the above Company at 86 Strand, London, 
wc.2 


TRAVELLING WAVE TUBES, Their Character- 
istics and Operation is the title of a booklet 
published for the purpose of providing an intro- 
duction to the travelling wave tube, giving a 
brief outline of its construction, characteristics, 
operation and typical applications, together with 
recommendations for obtaining optimum per- 
formance and life. This booklet is published by 
_ English Electric Valve Co. Ltd, Chelmsford, 
Essex 


AN AUTOMATIC 1000 CHANNEL READ- 
OUT SYSTEM by R. L. Elliott is the title of 
a Report describing an equipment which has been 
designed using relays and uniselectors to transfer 
digital information, originally stored on a ferrite 
matrix, from transistor trigger circuits on to 
perforated paper tape. Inquiries should be ad- 
dressed to the Scientific Administration Office, 
Atomic Energy Research Establishment, Har- 
well, Didcot, Berks. Copies are available from 
H.M. Stationery Office, price 4s. 6d 


MARCONI INSTRUMENTS have recently pub- 
lished a new catalogue describing the Company's 
twenty-five years of uninterrupted design and 
manufacture of telecommunications measure- 
ment equipment. Inquiries should be addressed 
to Marconi Instruments Limited, St. Albans, 
Hertfordshire 


ONE HUNDRED AND TEN YEARS OF 
UNDERSEA TELECOMMUNICATIONS is a 
brochure which brings the history of submarine 
communication cables up to date and indicates 
the part played by Submarine Cables Limited 
and their predecessors. Copies of this leaflet 
are obtainable from Submarine Cables Limited, 
Publicity Dept., Mercury House, Theobald's 
Road, London, W.C.1 


THE A.R.R.L. ANTENNA BOOK contains in- 
formation on antennas as may useful to 
amateurs. The book has two principal divisions, 
chapters one to five deal with the principles of 
antennas and transmission lines, wave propaga- 
tion and its relationship to antenna design, and 
the performance characteristics of directive 
antenna systems. Beginning with chapter six, 
there is a series of chapters in which complete 
data are given on specific designs for the various 
amateur bands. This book is published by 
American Radio Relay League Inc., West Hart- 
ford, Connecticut, U.S.A., price $2.00. 
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polypole 


couplers 


for Pye 
microwave 
TV links 


Robust, reliable and lightweight 
BICC Polypole Couplers and Multi- 
core Cables are used exclusively by 
PYE as part of the standard equip- 
ment for their transportable long 
range television links. 

BICC design and manufacture 
Polypole Coupler Systems to meet 
special requirements. These systems 
cover a wide variety of types and 
sizes of cable, terminated with 
moulded-on couplers. 





Further information is contained in Publication No. TD TPC 5—available on request. 


BRITISH INSULATED CALLENDER’S CABLES LIMITED 21 BLOOMSBURY STREET LONDON WClI 
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Hitachi also produces r reg@ving tibes ji components for television which, when 
used together with the Migw 6ReMH8, ConnofMiail to earn any maker a market reputation 
even better than he ly @pjoys. & 


Automatic tube testing equipment 5 i L: 
_itacky.Ltd. 


Tokyo Japan 
Cable Address: “HITACHY” TOKYO 
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Une description basée sur des renseignements fournis par les fabricants de nouveaux organes, acces- 


PONT DE COMPARATEUR 


Mec-Test Ltd, Henrietta House, Henrietta Place, 
London, W.1 


(Illustration a la page 324) 


Le Pont de mesures rapides Compara- 
tron type 51 constitue un moyen rapide 
pour contréler la précision de la valeur, 
en fonction de limites préétablies, de ré- 
sistances, de condensateurs et de bobines 
d’inductance. Les deux cadrans de limites 
sont réglés 4 la tolérance voulue jusqu’a 
+25% (par paliers de 0,2%) et les 
composants peuvent étre contrélés en 
une fraction de seconde. 


Cet instrument est un pont d’impé- 
dances universel autonome secteur, fonc- 
tionnant 4 une fréquence de 1 kHz pour 
la comparaison rapide, dans des limites 
préétablies, de résistances, condensateurs 
et inductances des types et formats les 
plus courants dans le matériel radio- 
électrique et électronique. Quant il est 
utilisé manuellement, il contrédle les 
composants 4 la méme vitesse que celle 
a laquelle ils sont appliqués aux contacts. 
L’affichage se fait par voyants de 
couleur indiquant “REJETER—-TROP 
HAUTE” ou “REJETER-TROP 
BASSE” (Ilindication acoustique est 
prévue, sur commande, pour les opéra- 
teurs aveugles). Dans ces conditions, le 
Pont de Mesures Rapides Comparatron 
est d'un fonctionnement aussi simple 
que celui de la jauge “ENTRE/ 
N’ENTRE PAS.” 

La vérification des composants en 
cours de production automatique s’effec- 
tue en reliant un mécanisme de rejet aux 
contacts de relais appropriés. Le pan- 
neau a prises a l’avant de Il’instrument 
permet le passage rapide de Il’essai 
manuel au fonctionnement automatique. 


Le Pont de Mesures rapides Compara- 
tron est inaccessible aux parasites et 
aux effets de capacité manuelle. 


soires et instruments d’essai 


CELLULES PHOTOELECTRIQUES 
INFRAROUGES 
Mallard Ltd, Mallard Hoose, Torrington Place, 
London, W.C.1 


(Illustration a la page 324) 


La Maison Mullard a mis au point 
une nouvelle cellule photoconductive, la 
ORP13, qui aurait un pouvoir détecteur 
plus élevé que toute autre cellule photo- 
électrique pour applications infrarouges, 
tout en étant offerte 4 la vente dans le 
monde entier. Elle est destinée aux ap- 
plications de la spectroscopie infrarouge 
et de la recherche dans les propriétés des 
matériaux. 

Elle a une surface sensible d’environ 
3 mm? d’antimoniure d’indium et elle 
est fixée & son propre flacon Dewar. Le 
refroidissement se fait par azote liquide 
a une température de 77°K (—196°C). 
Ce systéme de refroidissement permet 
d’obtenir de trés bonnes valeurs de bruit 
et son efficacité est telle qu'il peut étre 
utilisé pendant 45 minutes sans remplir 
a nouveau le flacon. 

La gamme spectrale du ORP13 va du 
visible A environ 5,4 w, la créte se pro- 
duisant entre 4,5 et 5 w. Sa sensibilité 
aux radiations monochromatiques est de 
15 mV/uW de radiation incidente. 


EE 33 752 pour pilus amples renseignements 


MICROVOLTMETRE 


Marconi Inmstroments Lid, St. 
Hertfordshire 


(Illustration a la page 324) 


Le Microvoltmétre alternatif type TF 
1375 allie le gain élevé & V’'absence de 
ronfiement. I] dessert la plage de SuV 
a 15V en douze gammes et il est en- 
titrement transistorisé. Il est, en outre, 
complétement portatif et A alimentation 
autonome par batterie. Sa gamme de 


ALTERNATIF 
Albaas, 


Traduction des pages 324 d 329 


fréquences s'‘étend de 5O0Hz a 1 MHz 
avec rejet BF par sélecteur. 

L’instrument se compose essentielle- 
ment d'un atténuateur d’entrée a com- 
pensation de fréquence avec plots 
décadaires, d'un amplificateur & compen- 
sation de fréquences a sept transistors 
ayant un gain de tension d’environ 
x 5000. La sortie de l’'amplificateur est 
redressée dans un circuit en pont a deux 
alternances avant d’étre appliquée au 
microvoltmétre. De plus, la sortie de 
l’avant-derniére étape est obtenue d'une 
sortie de panneau avant. 

Le millivoltmétre de 102mm a un 
mouvement protecteur contre les surin- 
tensités avec tension nette de discrimina- 
tion élevée et échelle de décibels. 

Le TF1375 convient a de multiples 
applications; par exemple, comme pré- 
amplificateur d’oscilloscope, comme 
détecteur A pont de mesures sensible, ou 
bien encore pour les essais d’antenne et 
d’intensité de champ. A l'aide d’un cadre 
capteur approprié, on peut aisément 
mesurer le flux de fuite émanant de 
transformateurs secteurs et de moteurs 
électriques. L’impédance d’entrée et la 
sensibilité du microvoltmétre sont telles 
qu'il peut étre utilisé comme micro- 
ampéremétre pour déceler des courants 
n’atteignant pas plus de 10-"°A. 
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BLOC D’ALIMENTATION STABILISE 


Allied Electronics Ltd, 28 Upper Richmond Road, 
Patacy, London, 8.W.15 


(Illustration a la page 324) 


Le “dernier né” de la série des blocs 
d’alimentation A stabilisation électronique 
ALTRON est le modéle EV 451-A. 
C’est un ensemble portatif dont les 
dimensions hors-tout sont 317 x 279 x 

216mm et qui fournit des sorties 





De plus, la stabilité des réglages 
est assurée par ume balance de 
zéro a chaque limite. La tension 
de source du Pont est de 1,5V 
efficace équilibré A la masse 
(impédance 0.60). 
EE 33751 
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MESUCORA 


(Mesure, Contréle, Régulation et Automatisme) 
“ELECTRONIC ENGINEERING ” 
stand AB3-10 4 la susdite Exposition qui se 
tiendra 4 Paris du 9 aw 17 mai et sera heureuse 


d’y accueillir les visiteurs. 


occupera 


de courant continu, fixe et variable, 
de 200V et de 0 a 300V respective- 
ment, en plus d'une alimentation 
de chauffage de 6,3V 3A (c.a.). 
L’alimentation variable peut 
étre fixée a n'importe quelle 
tension dans la gamme de 0 a 
300V par des commandes de 
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réglage précis et approximatif, et elle 
peut fournir jusqu’a SOmA a n’importe 
quelle tension entre 0 et 250V. La 
stabilité de la tension de sortie autour du 
point réglé est supérieure &2 +0,015% 
pour des fluctuations du courant secteur 
de +10% et pour toutes les valeurs de 
courant, du courant & vide au courant 
a pleine charge. La résistance intérieure 
de Valimentation est inférieure 4 0,252 
et limpédance est inférieure 4 22 jusqu’a 
50kHz. Un voltmétre et un ampéremétre 
sont reliés de maniére permanente dans 
lalimentation variable. 

La tension d’ondulation maximum est 
de ImV efficace dans n'importe quel cas. 
N’importe quel courant jusqu’A 8mA 
peut étre tiré de l'alimentation fixe de 
200V et les caractéristiques de l’alimen- 
tation différent de celles de l’'alimentation 
variables. Les deux alimentations en 
courant continu sont dirigées vers trois 
bornes, Jlalimentation variable étant 
positive, l’'alimentation fixe négative, par 
rapport & la borne commune: les deux 
alimentations sont isolées de la masse, 
de sorte que l’élément peut étre utilisé 
pour produire une alimentation réduite 
de courant (0 4 8mA) de 0 a4 +500V. 
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APPAREIL DE MESURE A 
PLUSIEURS SENSIBILITES 


Distributeurs: Aveley Electric Lid. Ayron Road, 
Aveley Indastrial Estate, South Ockendon, Essex 


(/llustration a la page 325) 


L’appareil de mesure Gossen, type 
UPHI, est un instrument robuste pour 
mesurer la tension alternative, le courant 
réel et réactif, le facteur de puissance, 
la fréquence, la résistance, l’angle de 
phase apparent et les forces de réaction. 

La solidité et la souplesse d’emploi du 
UPHI, alliés & une échelle 4 miroir, en 
font un aukxiliaire portatif des plus 
utiles pour l'utilisation dans la gamme 
de 40 Hz a 4 kHz. 

Les lectures de l’échelle totale fournies 
par le UPHI vont de 12 a 600V, 60mA 
& 120A, 1 ohm a 100 kiloohms multi- 
gammes +90° (cos ¢ sin ¢) & 400Hz 
et 4kHz. 

L’appareil est pourvu d'un mécanisme 
a cadre mobile, solide et de qualité 
supérieure, avec des coussinets a rubis 
montés sur resorts. Une batterie inté- 
rieure de 1,5V sert de source d’alimen- 
tation pour les mesures de résistance et 
un potentiométre rotatif sert au réglage 
du zéro. 
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COMPTEURS DE LOTS 


Pentechnique Lid, Imperial Lane, Cheltenham, 
Gloucestershire 


(/llustration a la page 325) 

Des compteurs de lots compacts et a 
2.3.4 ou 5 tubes Dékatrons, pouvant 
étre fournis en divers modéles répondant 
a des applications particuliéres, consti- 
tuent la toute derniére réalisation de la 
société Pentechnique Limited dans son 
assortiment d’éléments de comptage. Ces 
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compteurs, qui peuvent compter des lots 
allant jusqu’a 99 999 piéces a une vitesse 
maxima de 5000 coups par seconde, sont 
alimentés par pick-ups magnétiques ou 
photoélectriques. La partie inférieure du 
compteur peut étre munie de commandes 
et de circuits spécialement prévus pour 
le type de matériel d’alimentation devant 
étre utilisé et le signal de sortie des lots 
peut étre donné soit sous forme de fer- 
meture de contact de relais soit sous 
forme de signal électrique. 

Notre gravure montre un Compteur de 
lots & Dékatrons utilisé avec une trémie 
a cuvette vibratoire et un _ pick-up 
photoélectrique pour compter des quan- 
tités présélectionnées d’anneaux de 
caoutchouc. Deux simples réglages per- 
mettent ladaptation a 15 dimensions 
différentes d’anneaux, d'un diamétre 
extérieur de 5,56mm a un diamétre ex- 
térieur de 23,8mm. Toutes les com- 
mandes y compris celles de la trémie a 
cuvette sont groupées sur le panneau 
inférieur du compteur de lots et des 
circuits spéciaux assurent le fonctionne- 
ment indéréglable. Le bouton de mise 
en marche réenclenche les Dékatrons a 
zéro afin de mettre en train le processus. 
Si, pour une raison quelconque, le 
réenclenchement est défectueux, la 
trémie a cuvette me sera pas excitée. 
L’opérateur est donc dispensé de la 
nécessite de vérifier si le réenclenchement 
est correct. On presse le bouton d’arrét 
lorsqu’on veut arréter la trémie a cuvette 
au cours du comptage, la pression 
ultérieure du bouton de marche ne 
réenclenchant pas les Dékatrons mais 
permettant au comptage de se poursuivre 
a partir du point ou il a été arrété. 

Une variété de pick-ups magnétiques 
et photoélectriques peut étre fournie 
pour déceler une gamme étendue de 
composants. Le montage des capteurs et 
l'adaptation des trémies a cuvette peuvent 
étre assurés, le cas échéant, en fonction 
des conditions requises. 
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AGRAFES POUR 
SEMICONDUCTEURS 
Rendar Instruments Lid, Victoria Road, Burgess 
il, Sussex 
(illustration a la page 325) 


Ces agrafes ont été concues pour tenir 
fermement les transistors d’un diamétre 
de 4,76 a 6,35 mm. La base est un 
moulage de Polyprolyléne et l’agrafage 
se fait par un ressort de cuivre en beryl- 
lium trempé. L’agrafe peut étre fixée a 
un panneau par une vis de 2,2mm de 
diamétre. Une cheville moulée empéche 
toute torsion. 
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VOLTMETRE A IMPEDANCE 
ELEVEE 
Distributears: Scientific Furnishings Ltd, 
Poyates, Cheshire 


(illustration a@ la page 325) 


Le voltmétre électrosensible Halex 
modéle 301E est un palpeur amplificateur 
de gain unitaire des plus sensibles ayant 
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une précision de détection de courant 
continu de 0,001% et une sensibilité au 
courant de 10-'* A (60 électrons/sec). La 
résistance d’entrée effective est supérieure 
a 10°°2 et la capacité d’entrée est 
inférieure & 0,01 pF, de sorte que le 
temps de réponse est négligeable. Ses 
bornes de sortie d’impédance réduite et 
élevée sont de 0,22 et 5002 respective- 
ment. 

Des boucliers de protection placés de 
maniére fort appropriée a la borne 
d’entrée permettent l'utilisation d’instru- 
ments pour des travaux a énergie extré- 
ment basse sans qu'il soit nécessaire 
d’avoir recours & des capots de protec- 
tion ou a des chambres cuirassées, et 
sams causer de longues constantes de 
temps pouvant déranger les lectures. 

Le rendement du Voltmétre électro- 
sensible résulte d’une méthode de réalisa- 
tion connue sous le nom de “couplage 
relativiste’” congue aux Etats-Unis par 
Halex Incorporated. Huit étages d’ampli- 
fication sont utilisés, comprenant un 
amplificateur électrométre flottant mais 
sans vibreurs ou découpeurs périodiques. 

Le systéme se compose de trois ampli- 
ficateurs de gain unitaires de précision, 
entiérement recouverts de trois écrans 
distincts, la masse de l’amplificateur le 
plus a Tlintérieur servant d’écran aux 
amplificateurs suivants. Chacun des trois 
écrans est relié 4 l'un des trois boucliers 
de protection isolés en Teflon, placés de 
fagon concentrique autour du _ con- 
ducteur d’entrée central, avec un bouclier 
de masse extérieur. Les trois boucliers de 
protection sont manceuvrés par les ampli- 
ficateurs dans l’instrument a des tensions 
quasi identiques au signal d’entrée sur 
le conducteur central. L’effet de ce 
systéme est d’élever l’impédance d’entrée 
effective au dessus de Visolement en 
Teflon et méme au dessus de l’espace 
libre entourant l’instrument. La protec- 
tion multiple empéche également le 
captage de parasites. 

Le compteur d’entrée incorporé assure 
une précision d’affichage de 1%. Un com- 
mutateur offre le choix de onze gammes 
étalonnées avec des valeurs d’échelle 
totale allant de +1V a +250 V c.c. ou 
500 V créte & créte pour courant alterna- 
tif de basse fréquence. Des fréquences 
allant jusqu’éa 1 kHz peuvent étre admises 
a de faibles amplitudes a partir d’une 
source d’impédance réduite. La commu- 
tation de l'appareil de mesure n’affecte 
pas la résistance d’entrée, la sortie des 
bornes ou le gain des amplificateurs 
individuels. Aprés chauffage, le glisse- 
ment est inférieur 4 0.001% de la tension 
d’échelle totale. 


EE 33 758 pour plus amples renseignements 


AMPLIFICATEUR DE COURANT 
CONTINU TRANSISTORISE 


Fenlow Electronics Ltd, Springfield Lane, 
Weybridge, Surrey 


(Illustration a la page 326) 


Cet amplificateur de courant continu 
a chopper stabilisé, enti¢rement tran- 
sistorisé, est étudie pour l’emploi dans 
le contréle de processus, dans le calcul 
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analogique et dans les 
générales d’amplification. 

C’est un appareil & grand gain com- 
prenant un canal de connexion & glisse- 
ment secondaire qui fait usage d'un tran- 
sistor écréteur. La forme d’onde d’en- 
trainement du chopper s’obtient d’un 
multivibreur incorporé au boitier de 
l’amplificateur. 

Le glissement est de l’ordre de 200uV. 
le bruit est inférieur a 100uV et la 


applications 


largeur de bande en chaine ouverte est 
de IkHz. 


EE 33 759 pour plus amples renseignements 


SONOMETRE 


Distributeurs: B & K Laboratories, 4 Tilney 
Street, Park Lane, London, W.1 


(Illustration a la page 326) 

Le sonométre de précision Briiel @ 
Kjer, type 2203, est transistorisé, porta- 
tif et 4 fonctionnement par batterie. II 
répond pleinement, en outre, aux nor- 
mes internationales I.E.C. projetées pour 
les sonométres de précision. 

Doté d'un microphone capacitif de 
précision (B & K Type 4131), ce sono- 
métre donne une lecture d’échelle directe 
de 22 4 134dB, avec un degré de pré- 
cision de +1dB et la caractéristique de 
fréquence linéaire s’étend de 20 Hz a 
1SkHz. Une amplification totale de 
110dB produit une déviation totale sur 
le sonométre pour une tension d’entrée 
de 102V. En appliquant une contre- 
réaction poussée, on assure la stabilité de 
fonctionnement de I'amplificateur. Un 
générateur de commande stabilisée in- 
corporé permet une vérification immé- 
diate de l’'amplification. Les trois réseaux 
a atténuation prédéterminée 1EC, pour 
sonométres de précision, sont placés 
entre le premier et le second étage de 
lamplificateur. Le circuit redresseur de 
l'appareil est du type quasi efficace, con- 
formément aux normes de 1°IEC. 

L’appareil peut étre rapidement con- 
verti en analyseur de fréquences en 
branchant des filtres extérieurs de 1/3 et 
1/1 octaves, et lorsqu’un enregistrement 
permanent des mesures prises est néces- 
saire, un enregistreur de niveau peut 
étre relié & sa sortie. En remplacant la 
cartouche du microphone par un adap- 
tateur (adaptateur d’entrée JJ2612), il 
peut étre transformé en amplificateur de 
vibrations et de tension. Enfin, en bran- 
chant un accélérométre sur l’entrée, des 
mesures de vibrations peuvent étre 
facilement effectuées. 

Pour faciliter les mesures dans les 
lieux sombres ou mal éclairés, I’échelle 
du sonométre peut étre allumée. Durant 
le fonctionnement, une lampe _pilote 
s’éclaire par intermittence pour indiquer 
la présence de la tension d’alimentation. 
Le sonométre peut étre fourni avec une 
solide valise portable en cuir. 

EE 33 760 pour plus“amples renseignements 


VOLTMETRE ELECTRONIQUE 


Taylor Electrical Instruments Ltd, Montrose 
Avenue, Slough, Buckinghamshire 


(Illustration a la page 326) 


Le voltmétre électronique modeéle 
172A est un instrument universel de for- 
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mat compact et d’une grande stabilité. 
Son impédance d’entrée est de 11M sur 
courant continu et de 830 k2 a 1,5M2 
dans les gammes de courant alternatif. 
Il peut étre utilisé, conjointement avec 
une sonde piézoélectrique, a des fré- 
quences de plus de 200 MHz. 

Les gammes étalonnées sont: 0 a 1,5kV 
c.c. en sept gammes; 0 a 1,5kV c.a. 
efficace en sept gammes; 0 a 4,2kV c.a. 
créte & créte en sept gammes et 0 a 
100 M2 en sept gammes. Des lectures 
de courant continu allant jusqu’A 30 kV 
peuvent étre effectuées Aa l'aide d'une 
sonde spéciale. 

Le voltmétre comprend aussi une com- 
mande de réglage du zéro central et un 
commutateur d’inversion de polarité. 


EE 33 761 pour plus amples renseignements 


COMMUTATEUR DE PROXIMITE 


The Donovan Electrical Co. Lid, Granville 
Street, Birmingham 1 


(Illustration a la page 326) 


Ce commutateur de proximité est 
prévu pour remplacer les disjoncteurs de 
sécurité normaux dans les situations par- 
ticuligrement ardues ou lorsqu’il n’est 
pas commode d'effectuer un _ contact 
physique avec un disjoncteur de sécurité 
a fonctionnement mécanique. La téte du 
détecteur est complétement _ scellée 
contre I’huile, etc. et elle ne contient 
pas de piéces mobiles. Etant donné que 
la téte me renferme pas de noyau 
métallique ou d’aimant permanent, elle 
n’attire pas de poussiéres ferreuses ou 
de limaille. 

Une surface métallique parfaitement 
plate et d'une superficie suffisante, soit 
6 a 12 cm’ placée & une distance d’en- 
viron 6mm de la face plate de la téte, 
provoque le fonctionnement d’un relais 
dans lélément de commande. La pré- 
cision de répétition de l’opération dépend 
dans une certaine mesure de la méthode 
d’application, mais elle est normalement 
de Yordre de 0,5 mm. A condition de 
présenter une surface suffisamment plate 
a la téte, tout type ou toute épaisseur 
de métal peut étre détecté, mais la 
limaille ou la poussiére de métal sont 
généralement sans effet car les particules 
sont trop petites pour pouvoir étre 
détectées. La téte normale est de 38mm 
de diamétre et elle est couplée a l’élé- 
ment de commande par un cable coaxial 
de 183cm de longueur. L’élément de 
commande se trouve dans un boitier en 
téle mesurant 178 x 152 x 114 mm. 

Des variations étendues de la tension 
d’alimentation peuvent étre effectuées a 
partir de la valeur nominale de 230 ou 
400V. La consommation électrique nor- 
male de I’élément de contréle est de 6W. 

On peut obtenir des tétes spéciales 
pour la détection de toute rupture d’outil, 
ainsi que des éléments de contréle spé- 
ciaux pour les systtmes de commutation 
statique. Le commutateur de proximité 
fonctionne selon le principe de coup- 
lage inductif plut6ét que par capacité, de 
sorte qu’il n’est pas affecté par le cap- 
tage parasite. 


EE 33 762 pour plus amples renseignements 
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TUBES A RAYONS CATHODIQUES 
POUR INSTRUMENTS 
Sylvania-Thora Colour Television Laboratories 
Ltd, Great Cambridge Road, Enfield Middlesex 
(Illustration a la page 327) 

Un nouveau tube cathodique type 
SESD, spécialement étudie pour l'oscillo- 
graphie a grande largeur de bande et a 
action rapide, est actuellement produit 
par Sylvania-Thorn Colour Television 
Laboratories Ltd. 

C'est un tube hélicoidal de post- 
accélération de 127mm d'une grande pré- 
cision et d'une sensibilité élevée, ba- 
layant 10cm dans la direction X et Scm 
dans la direction Y. Il a une sensibilité 
Y de 3,5V/cm et une sensibilité X de 
14V/cm, a une tension anodique finale 
de 10kV. Le rapport de post-accéléra- 
tion est de 12. 

Quatre autres nouveaux tubes ont été 
réalisés par la Sté. Sylvania-Thorn en 
méme temps que le SESD. 

Ainsi, le type SESE est d’aspect iden- 
tique au SESD, mais il a une zone de 
balayage de 6cm x 10cm et Une sensi- 
bilité Y de 5,5V/cm. 

Le SE4A et le SE4B sont tout deux 
des tubes cathodiques de 102mm avec 
des zones de balayage de Scm X 8cm, 
fonctionnant a des tensions finales de 
8kV et de 4kV respectivement. La sen- 
sibilité KX du SE4A est de 48V/cm et 
la sensibilité Y est de 15V/cm. Pour le 
SE4B. les sensibilités sont de 25V/cm. 
Les deux tubes ont un rapport de post- 
accélération de 4. 

Le SE3A est un tube de 76mm avec 
zone d’exploration de Scm x 6cm. Sa 
sensibilité X est de 27V/cm et sa sensi- 
bilité Y est de 7V/cm, la tension finale 
étant de 4kV. 


EE 33 763 pour plus amples renseignements 


MATERIEL A VIEILLISSEMENT DE 
TRANSISTORS 


P.T.S. Electronics Ltd, 96 Horsenden Lane, 
Greenford, Middlesex 


(Illustration a la page 327) 

Cette installation est divisée en cing 
fours séparés qui sont chauffés et ther- 
moréglés & 45°C +2°. Chaque four con- 
tient des rails de glissement portant des 
cartes A transistors, et chaque four con- 
tient quatre cartes, ce qui donne une 
contenance de 4000 transistors par four 

La circulation de lair est effectuée par 
un ventilateur de 28m'/min. qui aspire 
lair par une canalisation traversant 
chaque four. 

Cing blocs d’alimentation jumelés a 
la base de I’installation fournissent aux 
transistors une tension de 0 a 16V a 
100A. 

EE 33 764 pour plus amples renseignements 


AMPLIFICATEUR BASSE- 
FREQUENCE 
Good Industries Ltd, Axiom Works, 
Lancelot Road, Wembley, Middlesex 
L’amplificateur de puissanve PASVA 
est un dispositif de SW (régime continu) 
desservant la gamme de _ fréquences 
allant de SHz Aa 20kHz (+1dB) et il a 
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été principalement concgu pour actionner 
les générateurs de vibrations. 

Le circuit se compose d'une double 
triode, faisant fonction d'amplificateur 
et de déphaseur multiple, actionnant une 
paire de lampes EL84 fonctionnant en 
push-pull dans des conditions ultra- 
linéaires. La contre-réaction totale est 
conduite du secondaire du transformateur 
de sortie 4 la cathode de la premiére 
lampe. La contre réaction dans la bande 
médiane est de 29dB, tombant a 26dB 
& 20kHz et & 22dB a SHz. 

La distorsion totale est inférieure a 
0.5% entre 5OHz et 10kHz a 5W. 


EE 33 765 pour pilus amples renseignements 


OSCILLOSCOPE A DOUBLE 
' FAISCEAU 
Solartron Laboratory Lastr Ltd, Cox Lane, 
Chessington, Surrey 
(Illustration a la page 327) 

L’oscilloscope a double faisceau CD 
1016 est un modéle compact prévu pour 
le montage sur biti. Il comprend deux 
amplificateurs Y identiques ayant une 
largeur de bande allant du courant con- 
tinu 4 5 MHz, et un temps de montée 
d’environ 70 musec. Neuf gammes de 
sensibilité étalonnées vont de 100mV/cm 
& 50V/cm avec une précision de +5%. 
En outre, une commande de réglage pré- 
cis assure un contréle continu jusqu’a 
environ 100V/cm. Le préamplificateur de 
courant alternatif intégral, précédant Y2, 
fournit six gammes de sensibilité supplé- 
mentaires avec une sensibilité maximum 
de ImV/cm. 

L’impédance d’entrée est de IM2 et 
30pF. Les entrées peuvent étre rendues 
“flottantes” jusqu’A S5OOV par rapport 
aux chassis, pour laffichage de signaux 
isolés de la masse. 

La base de temps va de Icm/usec A 
2cm/sec, en dix-huit gammes étalonnées, 
dans la séquence 1-2-5, avec une pré- 
cision de mesure de +5%. Une com- 
mande de réglage précis avec une posi- 
tion d'étalonnage assure une zone 
d’action continue allant jusqu’A Icm/sec. 
La vitesse maximum de balayage, soit 
Scm/usec peut étre obtenue par l'emploi 
de Tlextension X. L’oscilloscope peut 
étre déclenché intéricurement ou ex- 
térieurement. Des commandes’ de 
“niveau” et de “stabilité” permettent le 
déclenchement précis et sdr a un point 
choisi de la forme d'onde affichée. 

Une base de temps du type “lacet de 
botte” est utilisée; elle donne une 
linéarité supérieure A 1%. La forme 
d’onde de la base de temps (10V créte a 
créte) peut étre obtenue d'une prise sur 
le panneau frontal. 

L’amplificateur X (largeur de bande: 
du courant continu 4 750kHz) a une 
sensibilité & variation continue de 0,15V/ 
cm a 1,5V/cm. On peut accéder directe- 
ment a cet amplificateur pour les sig- 
naux extérieurs. 

Une impulsion “d’éclaircissement” de 
30V, provenant d'un circuit bistable a 
part, couplée par courant direct au tube 
cathodique, donne des images parfaite- 
ment claires A toutes les vitesses de 
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balayage. On peut également effectuer la 
modulation de l’intensité extérieure. 

Une onde carrée de 0,5V créte a 
créte, & la fréquence secteur, permet au 
besoin d’étalonner la base de temps et 
la sensibilité Y. 

La trés-haute tension stabilisée per- 
met de maintenir la précision d’étalon- 
nage, quels que soient les niveaux d’in- 
tensité. Un tube cathodique a double 
canon de 89mm de diamétre, type 
3AZP31, est utilisé dans Yloscilloscope 
CD1016. 


EE 33 766 pour plus amples renseignements 


GENERATEUR DE NEUTRONS — 


20th Century Electronics Lid, Centronics Works, 
King Henry's oo Addington, Croydon, 
orrey 


(Illustration ad la page 327) 

Cet instrument a été étudié pour 
assurer une source de neutrons d’inten- 
sité et d’énergie variables a Il'intention 
des laboratoires. 

Ses caractéristiques de base sont une 
sortie élevée de neutrons, une grande 
flexibilité expérimentale et le fonctionne- 
ment continu ou par impulsions. 

Il utilise une réaction D.T. pour pro- 
duire des neutrons de 14MeV. Les ions 
de deutérium sont accélérés vers une 
cible de tritium et la sortie de neutrons 
en fonctionnement continu est de l’ordre 
de 10'° neutrons par seconde. Les 
neutrons rapides peuvent étre freinés 
pour produire des neutrons thermiques. 
Le générateur est A pompage continu et 
il a une tension d’accélération de 150kV. 

En plus de son _ utilisation comme 
générateur de neutrons, il peut étre 
adapté rapidement a la production des 
faisceaux d'ions accélérés de deutrons 
ou de protons pour d'autres applications 
de physique nucléaire. 

EE 33 767 pour plus amples renseignements 


POTENTIOMETRE DE PRECISION 
Miles Electronics Lid, Shoreham Airport, Sussex 
(illustration a la page 328) 

Ce potentiométre de précision a un 
diamétre extérieur de 19,8 mm et une 
profondeur de 25,4 mm. Quoique de 
dimensions réduites, il est, cependant de 
construction robuste et peut fonctionner 
pendant une longue période de temps 
sans que sa précision en soit affectée. 

On peut fixer jusqu’A 33 prises de 
courant en plus des connexions d’extré- 
mité normales. Les connexions de prises 
sont a un seul tour de fil et il n’y a 
donc pas de court-circuit des tours 
adjacents sur l’élément de résistance. 

Les potentiométres ont un couple de 
démarrage réduit, soit 5g.cm pour des 
valeurs de résistance supérieures & 10k2 
et 7g.cm pour des valeurs inférieures a 
10 k&. 

Jusqu’A 10 éléments jumelés peuvent 
étre fournis et chaque groupe d’éléments 
n’ajoute que 19mm a la longueur de 
l'ensemble. 


EE 33 768 pour plus amples renseignements 
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TUBE PHOTOMULTIPLICATEUR 
Mallard Ltd, Mullard House, Torrington Place, 
Londoa, W.C.1 


(Illustration a la page 328) 


Au début de IT'année derniére, la 
société Mullard a présenté le tube photo- 
multiplicateur S6AVP dont la réponse 
de créte est de 4200 A et qui a été 
spécifiquement prévu pour l'emploi avec 
des scintillométres exigeant une défini- 
tion horaire trés élevée. 

La société Mullard vient d’annoncer 
un perfectionnement de ce tube qui est 
maintenant muni d'une fenétre d’extré- 
mité a quartz pour Il’emploi avec les 
scintillométres & gaz. Le nouveau type 
de tube, qui porte la référence 5S6UVP, 
ressemble beaucoup au S6AVP, mais sa 
réponse spectrale a été étendue bien a 
Vintérieur de la zone ultra-violette et sa 
réponse utile va jusqu’A 2300A, avec 
une créte de 4000 A (0,4 micrométres). 

Pour les travaux a définition trés 
élevée, des différences de temps de par- 
cours électronique trés réduites sont 
essentielles et ces différences ont été 
maintenues & 2,0musec a la hauteur 
d'une demi-impulsion, avec un temps de 
montée de la méme durée. 

Cette importante réduction des diffé- 
rences de temps de parcours électronique 
est due au dispositif électronique optique 
d'entrée de construction spéciale dont la 
photo-cathode est courbe pour que les 
longueurs de trajet vers le premier étage 
multiplicateur soient approximativement 
égales pour les électrons quittant 
n’importe quelle partie de sa zone utile. 
En fait, la différence de temps de par- 
cours entre les électrons arrivant a la 
premiére dynode de la périphérie de la 
cathode photoélectrique et ceux prove- 
nant du centre n’est que de 0,3musec. 

L’uniformité des temps de parcours 4 
travers les 14 étages multiplicateurs est 
assurée par la forme appropriée des 
dynodes et par les dynodes supplémen- 
taires de concentration situées entre 
chaque étage multiplicateur, qui rétré- 
cissent graduellement le faisceau élec- 
tronique d’étage en étage, malgre 
l'accroissement rapide du nombre 
d’électrons. 


EE 33 769 pour plus amples renseignements 


TUBE DE PRISE DE VUES VIDICON 
English Electric Valve Co., Chelmsford, Essex 
(Illustration a la page 328) 

Le tube de prise de vues de télévision 
Vidicon 7038 a été réalisé par la 
English Electric Valve Co. Ltd. pour 
répondre a la_ diversité croissante 
d’applications Vidicon. Le tube est de 
conception suffisamment souple pour 
pouvoir étre utilisé pour le balayage de 
films, pour les émissions de studio et 
pour les applications industrielles oid 
plusieurs tubes spéciaux étaient utilisés 
jusqu’ici. Ses dimensions réduites et sa 
simplicité facilitent la réalisation et le 
fonctionnement de caméras et appareils 
connexes extrémement compacts par 
rapport A ceux qui sont nécessaires pour 
des types de tubes de prise de vues plus 
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compliqués. Cette caractéristique est 
d'une valeur particulitre pour la caméra 
en couleurs a4 trois tubes et pour les 
caméras industrielles nécessitant des 
dimensions hors-tout réduites. 

Le tube 7038 a un pouvoir séparateur 
d’environ 600 lignes au centre du fond. 
Un élément photoconductif uniforme, 
sensible 4 la lumiére, est utilisé. Il est 
caractérisé par une réponse virtuelle- 
ment panchromatique donnant une re- 
production fidéle des couleurs de la peau 
et fournissant une image semblable a 
celle d’autres tubes de prise de vues. Le 
tube 7038 a une sensibilité permettant la 
prise de vue en direct de scénes avec 
1000 & 2000 Lux de lumiére incidente 
en utilisant une ouverture de lentille de 
f/2,8 a f/40. Pour les images d’émission, 
une lumiére de fond de 60 a 150 Lux 
dans les plages lumineuses est recom- 
mandée pour les prises de vue en direct, 
et de 1000 Lux pour l’analyse de films. 
Dans ces conditions de fonctionnement, 
les marbrures de l'image sont insigni- 
fiantes et son uniformité est parfaite. 
Pour les applications industrielles, ce 
tube a sensibilité élevée peut étre utilisé 
avec une lumiére minimum du fond de 
20 Lux, n’occasionnant qu'une légére 
détérioration des autres paramétres. 

' EE 33 770 pour plus amples renseignements 


BLOCS D’ALIMENTATION 
STABILISES 


Fraser Spelier Transformers -_" fete 
Road, Sydenham, London, S.E.26 


(llustration a la page s30 

Ces blocs se prétent a l'utilisation sur 
établi et & Tincorporation dans d'autres 
matériels. Le circuit est du type sans 
self et des condensateurs électrolytiques 
sont employés, ce qui donne un ensemble 
compact et relativement léger. Les blocs 
standards ont des tensions de sortie de 
+150, 200, 250 et 300V, de 0 a 100mA. 
Les tensions non courantes peuvent étre 
prévues sur commande. Deux puissances 
de sortie de 6,3V 3A c.a. sont également 
prévues. La stabilité de la tension de 
sortie est de lordre de 0,06% et l’ondu- 
lation efficace est inférieure 4 2mV. La 
résistance de source efficace est in- 
férieure a 0,12 et l’'impédance de sortie 
est inférieure &4 22 a toutes les fré- 
quences. 

EE 33771 pour plus amples renseignements 


MODULATEUR-INTERRUPTEUR 
TRANSISTORISE 
Telephone Manufacturing Co. Ltd, ore Road, 
West Dulwich, London, S.E.2 
(Illustration a la page 32) 
L’interrupteur au_ silicium Modéle 
SM10 est un petit dispositif transistorisé 
d'une grande stabilité prévu pour l'in- 
terruption de courant continu a un bas 
niveau. Il est du type 4 couplage direct 
et offre aux réalisateurs une forme 
simple d’interrupteur du type verouilleur. 
Il comporte un circuit incorporé de 
“faconnage” d’ondes et fonctionne Aa 
partir de n’importe quelle alimentation 
en ondes carrées ou sinusoidales de 6 
volts, de 40 Hz a 1 kHz. Il peut com- 
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muter ume gamme de tensions de 
découpage de IzV a 250mV. 

Des composants judicieusement 
choisis et équilibrés sont utilisés pour 
assurer un glissement réduit et un rende- 
ment pratiquement indéfini. Vu que tous 
les composants sont sous moulage dans 
un récipient en aluminium, l'appareil est 
virtuellement a l’abri des vibrations et 
des effets de chocs. Contrairement aux 
obturateurs-rupteurs mécaniques il n’a 
aucune piéce mobile susceptible d’usure 
et ne nécessite aucun réglage. Il est, de 
plus, d'une grande stabilité dans une 
gamme étendue de températures. 

EE 33 772 pour plus amples renseignements 


GYROSCOPE INTEGRATEUR 
MINIATURE 


Ketay Ltd, Eddes House, Eastern Avenue West, 
omford, Essex 


(Illustration a la page 329) 

Le nouveau gyroscope intégrateur 
miniature, type RI-203, qui vient d’étre 
présenté par la Division Norden de la 
United Aircraft Corporation est main- 
tenant offert sur le marché britannique 
par la société Ketay Ltd. 

Les applications de ce gyroscope de 
précision comprennent la _ navigation 
inerte et le guidage d’engins et d’avions, 
la stabilisation des dispositifs de navires 
ainsi que de nombreuses autres appli- 
cations exigeant des mesures angulaires 
dynamiques précises. 

Les caractéristiques du nouveau gyro- 
scope comprennent un taux de dérive 
réduit, la dérive aléatoire étant inférieure 
a 0,020/h, une stabilité d'une parfaite 
régularité, soit 0,100/h sans réglage, et 
une durée remarquablement longue 
allant jusqu’é 3000 heures. La deérive 
réduite a été réalisée grace &4 un moteur 
rotatif ne tournant qu’Aa 12000 t/m, c'est 
a dire a une vitesse qui contribue dans 
une trés grande mesure a la longue 
durée de linstrument. 

Ne mesurant que 79mm de long sur 
50.8mm de diamétre, ce gyroscope de 
guidage pése 454g, y compris le 
réchauffeur et les écrans. 
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GENERATEUR DE SIGNAUX POUR 
HYPER-FREQUENCES 


R.E.E. Telecommunications Lid, 15a Market 
Square, Crewkerne, Somerset 


(Illustration a la page 329) 

Ce générateur de signaux portatif, en- 
titrement transistorisé, a une bonne 
stabilité de fréquence et une fuite ré- 
duite, ce qui le rend particulitrement 
indiqué pour les sensibilités élevées et 
lespacement étroit des canaux des 
récepteurs hyper-fréquences modernes. 

La gamme de fréquences s’étend de 
115 & 135MHz et la tension de sortie 
va de 0,1n2V & 10mV dans 75 ohms. La 
fuite haute-fréquence est inférieure a 
0,2xV et le glissement de fréquence est 
inférieur & 5 kHz pendant une période 
de 10 minutes. La précision d’étalonnage 
est de 0.2%. 

Le générateur est actionné par cellules 
de mercure intérieures. 
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BLOC ROTACTEUR MOTORISE 
DE TELEVISION 
The Plessey Co. oy Lane, Iford, 


x 
(Illustration a@ la page 329) 

Nous nous excusons vivement auprés 
de nos lecteurs d’avoir publié par in- 
advertance une gravure se s’appliquant 
pas a la description du susdit appareil 
donné a la page 254 de notre numéro 
d’avril. Cette gravure montrait, en effet, 
un transformateur m.f. miniature fa- 
briqué par The Wireless Telephone Co. 
Ltd, qui est une filiale de The Plessey 
Co. Ltd. La gravure appropriée figure 
ci-dessus. 
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ELECTROCARDIOGRAPHE 
PORTATIF 
New Electronic Products Lid, «Tf Kenningtoa 
Road, London, S.E.1 
(Illustration a la page 329) 

Cet électrocardiographe portatif 
miniature ne mesure que 228 x 102 x 
102 mm et son poids complet, y compris 
létui de cuir, n'est que de 4 kg. C'est 
un appareil a transistors et circuits im- 
primés, alimenté par batteries intérieures 
rechargeables. 

L’enregistrement s'effectue de maniére 
visible et l'appareil comporte les carac- 
téristiques courantes, telles qu'un choix 
complet de dérivations et la normalisa- 
tion ImV/cm avec commutateur de 
“division par deux.” 

La bande d’enregistrement a 15,24m 
de long sur 40mm de large, et des 
vitesses de SOmm/sec, 25mm/sec et 
5mm/sec sont prévues. Le systéme 
d’enregistrement est du type a style 
graveur chaud et un microrupteur modi- 
fie la chaleur du style en liaison avec 
le choix de la vitesse. 

L’impédance d’entrée est supérieure a 
1 M®& et la réponse de fréquence est 
inférieure 4 +3dB du courant continu a 
70Hz. 
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RELAIS A LAMES VIBRANTES 


CHES 
B & R Relays nes, Saale Fields, Harlow, 


x 
(Illustration a la page 329) 

La Société B & R Relays produit 
maintenant deux relais 4 lames vibrantes 
séches. L’un des principaux avantages du 
montage a lames vibrantes séches est sa 


trés grande durée (20 x 10° opérations 
a un régime de contact maximum). La 
résistance de contact est également in- 
téressante, n’étant que de 0,030 ohms. 
Les nouveaux relais sont du type a 
prises. Le type ROI est monté sur une 
base A 8 broches et peut recevoir jusqu’& 
trois lames vibrantes. Le type RO2 qui, 
sauf pour la base, est de la méme 
grandeur que le précédent, a une base 
a 14 broches et a été prévu pour con- 
tenir 4, 5 ou 6 lames vibrantes. Les 
deux relais fonctionnent sur courant con- 
tinu et sont d’un diamétre de 35mm et 
d'une épaisseur de 108mm. La tension 
d'utilisation nominale d'une lame 
vibrante est de 0,1W et de 0,9W pour 
six lames. 
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Résumés des Principaux Articles 


Un lecteur de documents marqués a la main par C. M. B. Reid 


Il s’agit ici d’un appareil simple pour la lecture de documents marqués a la main, tels que les 
factures. L’auteur donne un apercu des raisons qui ont contribué a l'élaboration du projet et fait 
état des problémes que pose la perception de marques faites a la main. La construction mécanique 

Résumé de l'article —_ et optique du lecteur est briévement expliquée, et elle suivie d’une description détaillée des diverses 
aux poges 274 d 278 operations logiques par lesquelles s’effectue la “‘perception”’, le dépouillement, la centralisation et, 
enfin, la perforation sur bande magnétique des informations d’un document type. Des dispositifs 
d'alarme incorporés réduisent le risque d’erreurs dues a des plis ou a la crasse et leur utilité est 

indiquée dans un résumé de résultats d’opérations. 


Réseau de contréle et d’enregistrement automatiques par R. Mansey 
Cet article décrit un équipement britannique de contréle et d’enregistrement automatiques prévu 
4 l’origine pour un systéme d’engins téléguidés mais qui a également été trouvé approprié a n’importe 
quel avion ou appareil analogue dont les paramétres sont principalement électriques. 
L’auteur examine les modes de réception des signaux d’entrée et fait une comparaison sélective 
Résumé de I|'article avec un étalon. Il décrit la réalisation d’un potentiométre a auto-équilibrage d’une conception 
aux pages 284 d 29/ inédite et montre comment on utilise l’entrée normalisée pour faire fonctionner un générateur 
bidirectionnel dit “a escalier’’ jusqu’a ce que la parité soit établie entre la sortie “‘en escalier” et 
l’entrée. 
L’article conclut par un résumé succinct de l’application de l’appareillage au contréle terrestre 
des systémes de vol et de pilotage automatique d’avions avant leur décollage. 


Un torsiométre pour les études de fraisage par J. L. Gwyther 


aoe L’ auteur décrit un torsiométre pour mesurer le couple de coupe d’une fraiseuse. Un transducteur 
Résumé de !'article : : abe - ff : - , 
oux pages 292 4 295 du type a transformateur différentiel est utilisé et une signal de sortie permettant le fonctionnement 
d’un enregistreur a plume ou l'affichage d'un oscilloscope est fourni. 


Un multivibrateur a transistors par B. Rakovich 


Un multivibrateur non asservi couplé a l’émetteur est décrit dans cet article. La durée d’états 
quasi stables est contrélée en chargeant et en déchargeant un condensateur de minutage. Ce circuit 
Résumé de /’article fournit un moyen trés pratique de produire des formes d'ondes rectangulaires symétriques et 
aux pages 303 d 305 asymétriques avec une bréve transition d’un état stable a l'autre. Un avantage supplémentaire de 
ce circuit est qu'il peut engendrer des impulsions rectangulaires de forme assez bonne et a des 

réquences trés basses. 


Un stabilisateur de tension perfectionné par A. K. Chatterjee, K. V. Ramanan et B. S. Rao 


Dans un stabilisateur de tension du type @ amplification de contre-réaction, deux étages d’ampli- 
fication de tension continue sont souvent utilisés dans un circuit en dérivation pour améliorer la 
Résumé de I’or.icle stabilisation par rapport aux fluctuations de tension de sortie. Le présent article montre que la 
aux pages 308 d 3/1 compensation d’ entrée, introduite dans fa grille d’arrét du second tube amplificateur de tension 
continue, résulte en une stabilisation trés élevée par rapport aux fluctuations de tension d’entrée. 
L’article conclut par des considérations sur la réalisation et l’amélioration des résultats du stabilisateur 

d’ entrée compensé. 


Amplificateurs 4 réaction pour calculateurs, laboratoires et usages industriels 
Etude basée sur un rapport par J. Miedzinski et S.A. Patel, et rédigée par P. G. Kendall 


Les travaux expérimentaux sur les amplificateurs électroniques effectués relativement a l’ étude et a la 

Résumé de l'article  ©OMStruction de l’analyseur de circuits E. R.A - ont montré les avantages et l’économie qu’assurent la 
aux pages 3124316 Possession d un stock de quelques types d amplificateurs courants. 1 SHES 

La réalisation de tels amplificateurs est étudiée en détail. Un procédé systématique de conversion 

permettant de les adapter a des besoins particuliers est également discuté et éclairé par un exemple. 
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These pages contain French and German translations of our 
“Electronic Equipment’’ pages and summaries of the main articles. 
It will be noted that each item in the ‘‘Electronic Equipment’’ Section 
concludes with a number. These numbers are for the use of readers 
who require further information about particular items and should 
be quoted on the Reader Information Service Card at the end of 
the journal. 


Advertisement pages, facing matter, can be included in this Language 
Section for British and Overseas advertisers. Details on application 
to ‘‘The Advertisement Manager’’. 


Ces pages contiennent des traductions en francais et en allemand 
de nos pages d’EQUIPEMENT ELECTRONIQUE, ainsi que des 
resumés des principaux articles. 


On remarquera que chaque article dans la section EQUIPEMENT 
ELECTRONIQUE se termine par un numéro. Ces numéros sont a 
usage des lecteurs qui pourraient avoir besoin de renseignements 
complémentaires au sujet de certains de ces articles et ils doivent 
donc étre rappelés sur la carte du ‘‘Service de Renseignements aux 
Lecteurs’’ d la fin de la revue. 


Des pages d’annonces et de publicité en regard d’elles peuvent étre 
réservées dans cette Section Etrangére aux annonceurs britanniques 
et d’outre-mer. Pour plus de détails, s’adresser au Chef de la 
Publicité. 


Diese Seiten bringen wir franzdsische und deutsche Ubersetzungen 
der Seiten , Elektronische Gerdte” und der Zusammenfassungen 
der Hauptbeitrdge. 


Am Fusse jeder Beschreibung in der Rubrik , Elektronische Gerdte”’ 
steht eine Nummer. Leser, die an weiteren Auskiinften iiber bestimmte 
Gerdte interessiert sind, werden gebeten, diese Nummer auf der 
Leserdienstkarte am Ende des Heftes anzugeben. 

Anzeigen britischer und ausldndischer Firmen kénnen auf Seiten 
gegeniiber fremdsprachigem Text erscheinen. Einzelheiten bitten 
wir vom , Leiter der Anzeigenabteilung” anzufordern. 


Electronic Engineering 


28 ESSEX ST., STRAND, LONDON, W.C.2, ENGLAND 
Telephone: CENtral 6565 Telegrams: ‘Lectroning, Estrand, London’ 
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Out of print volumes of 
“Electronic Engineering ”’ 


are to be reprinted in full size 
by 


Wm. DAWSON & SONS L" 


The first volumes scheduled to be reprinted 
are volumes 13-26 covering the years 
1940-1954. Further volumes are to be 


reprinted in due course. 


Price per volume £6-10-0 bound 


For further details write to:— 


Wm. DAWSON & SONS Ltd. 
16, WEST STREET, FARNHAM, SURREY. 


indicating in which volumes you are particularly 
interested or fill in the reference No. given above 
on one of the Reader Information Service Cards. 
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Beschreibung neuer Bauelemente, Zubehdérteile und Priifgerite auf Grund der von Herstellern 
gemachten Angaben. 


Vergleichsbriicke 
Mec-Test Ltd, Henrietta House, Henrietta Place, 
London, W.1 
(Abbildung Seite 324) 


Mit der “Comparatron”-Toleranz- 
briicke Type 5! kann schnell gepriift 
werden, ob der Wert von Widerstanden, 
Kondensatoren und _ Induktionsspulen 
innerhalb vorgewahlter Toleranzen liegt. 
Zwei Toleranzskalen kénnen in Stufen 
von 0,2% fiir jede erforderliche Toleranz 
bis zu +25% eingestellt und Bauele- 
mente dann im Bruchteil einer Sekunde 
gepriift werden. 

Das Geriat ist eine vollstindige, netz- 
betriebene Universal-Scheinwiderstands- 
messbriicke mit einer Betriebsfrequenz 
von | kHz zum schneilen Vergleichen 
der in Radio- und elektronischen Geriten 
am hiufigsten anzutreffenden Wider- 
stands-, Kondensator- und Induktions- 
spulentypen und -gréssen_ innerhalb 
vorgewahlter Toleranzen. Bei Hand- 
bedienung werden  Bauelemente so 
schnell gemessen wie sie an die Klemmen 
angelegt werden kénnen. Die Anzeige 
erfolgt durch farbige Lichtsignale fiir 
“Ausschuss hoch,” “Gut” oder “Aus- 
schuss niedrig.” Fiir blinde Priifer konnen 
Tonsignale vorgesehen werden. Unter 
diesen Umstainden kann die Compara- 
tron-Toleranzbriicke genau so einfach 
benutzt werden wie eine Anschlaglehre. 

Fiir Bauelementpriifung in der auto- 
matischen Fertigung wurden die ent- 
sprechenden Relaiskontakte mit einer 
Ausstossvorrichtung verbunden. Eine 
Einsteckvorrichtung auf der Frontplatte 
des Gerites erméglicht schnelle Umstel- 
lung von Handpriifung auf automati- 
schen Betrieb. 

Die Comparatron-Toleranzbriicke ist 
gegen Stéreinfliisse und Hand- 


Infrarote Fotozelle 


Mallard Ltd, Mullard House, Torrington Place, 
London, W.C.1 


(Abbildung Seite 324) 


Mullard hat mit der Type ORP13 eine 
neue fotoleitende Zelle entwickelt, von 
der behauptet wird, dass sie eine héhere 
Nachweisfahigkeit hat als jede andere 
kommerziell lieferbare Fotozelle fiir 
Verwendung im infraroten Bereich in der 
Welt. Die Entwicklung erfolgte fiir 
Einsatz auf Gebieten, in denen infra- 
rote Spektroskopie eine Rolle  spielt, 
sowie fiir Forschungsarbeiten auf dem 
Gebiet der Materialeigenschaften. 

Die Zelle hat eine empfindliche In- 
diumantimonflache von 3 mm’, ist mit 
ihrem eigenen Dewar Gefiss verbunden 
und wird mit fliissigem Stickstoff auf 
77°K (—196°C) gekiihlt. Durch dieses 
Kiihlungssystem werden’ sehr gute 
Rauschzahlen erzielt. Es ist so wirksam, 
dass die Zelle bis zu 45 min ohne 
Auffiillung des Gefisses benutzt werden 
kann. 

Der Spektralbereich der ORP13 liegt 
zwischen sichtbarem Licht und ungefahr 
5,4 w mit einer zwischen 4,5 und Sz auf- 
tretenden Spitze. Ihre Empfindlichkeit 
fiir monochromatische Strahlung ist 15 
mV/“zW einfallende Strahlung. 
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Mikrowechselsp gsmesser 
Marconi Instruments Ltd, St. Albans, 
Hertfordshire 


(Abbildung Seite 324) 


Das Mikrovoltmeter fiir Wechselspan- 
nungen Type TF1375 vereinigt hohe 
Verstirkung mit Brummfreiheit. Der 
Messumfang von 5 #V...15 V ist in zwdlf 


Ubersetzung der Seiten 324 bis 329 


Stufen unterteilt; das Gerat ist volltran- 
sistorisiert, tragbar und arbeitet mit 
eingebauten Batterien. Der Frequenz- 
bereich ist 50 Hz...1 MHz mit umschalt- 
barer NF-Sperre. 

Das Gerat besteht im Grunde aus 
einem frequenzkompensierten Eingangs- 
abschwaicher mit Dekadenstufen und 
einem frequenzkompensierten 7-Transi- 
stor-Verstarker mit ungefahr 5000facher 
Verstirkung. Die Ausgangsspannung 
dieses Verstirkers wird in einer Doppel- 
weg-Briickenschaltung gleichgerichtet, 
bevor sie zum Messwerk gespeist wird; 
ausserdem steht die Ausgangsspannung 
der vorletzten Stufe an  Frontplat- 
tenklemmen zur Verfiigung. 

Das 102 mm Instrument mit Uber- 
lastungsschutz hat deutlich ablesbare 
Spannungs- und Dezibelskalen. 

Der TF1375 kann fiir die verschieden- 
sten Zwecke eingesetzt werden, z.B. als 
Oszillograf-Vorverstarker, als empfind- 
licher Messbriickenanzeiger oder fir 
Feldstarke- und Antennentests. Mit einer 
geeigneten Suchschleife kénnen von 
Netztransformatoren und Elektro- 
motoren herriihrende Streuflussmessun- 
gen leicht durchgefiihrt werden. Die 
Eingangsimpedanz und Empfindlichkeit 
erméglichen Verwendung als Mikro- 
ammeter zum Nachweis von solch nied- 
rigen Strémen wie 10-" A. 
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Stabilisiertes Netzgerit 
Allied Electronics Ltd, 28 Upper Richmond Road, 
Patney, London, S.W.15 
(Abbildung Seite 324) 
Die neuste Erginzung des “Altron”— 
Fertigungsprogramms elektronisch kon- 
stantgehaltener Netzgeriite ist 





kapazitét unempfindlich, und 
konstante Einstellung wird durch 
Nullung fiir jede Toleranz 
gewahrleistet. Die Briickenspan- 
nung ist 1,5 Ver, und symmetrisch 
geerdet (Quellenimpedanz 0,62). 
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MESUCORA 


(Messung, Steuerung, Regelung und Automation) 
Besucher der vom 9.-17. Mai in Paris stattfindenden 
Ausstellung sind auf dem Electronic Engineering 0 


Stand AB3-10 herzlich willkommen. 


Modell EV451-A. Die Abmes- 
sungen des tragbaren Gerites 
sind 324 x 280 x 216 mm; feste 
und einstellbare Ausgangsgleich- 
spannungen von 200 V_ und 
300 V sowie eine Wechsel- 
spannung von 6,3 V 3 A fiir die 
Heizung werden abgegeben. 








MAY 1961 


ELECTRONIC ENGINEERING 





Die veranderliche Spannung kann 
mittels Grob- und Feinregelung auf einen 
beliebigen Wert im Bereich 0...300 V 
eingestellt werden und gibt fiir jede 
beliebige Spannung zwischen 0...250 V 
bis zu 50 mA ab. Fiir den eingestellten 
Ausgangsspannungswert ist die Stabilitat 
fiir Netzschwankungen von +10% und 
alle Stromwerte von Leerlauf bis zu 
Vollast besser als +0,015%. Der Innen- 
widerstand des Gerites ist unter 0,252 
und die Impedanz bis zu 50 kHz unter 
20. Ein Spannungs- und ein Strom- 
messer iiberwachen den einstellbaren 
Ausgang dauernd. 

Die max. Restwelligkeit ist unter allen 
Betriebsbedingungen I mMVerr. Bis zu 
8mA kénnen den Klemmen der 200 V- 
Festspannung entnommen werden; die 
anderen technischen Daten sind sonst wie 
fir die einstellbare Spannung. Die 
beiden Gleichstromspannungen liegen an 
drei Ausgangsklemmen; die einstellbare 
Spannung ist positiv und die Festspan- 
nung negativ in Bezug auf die gemein- 
same Klemme; beide Spannungen sind 
erdfrei, so dass das Gerat bei niedrigem 
Stromverbrauch (0...8 mA) eine Span- 
nung von 0...+500 V abgeben kann. 
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Mehrzweck-Messgeriit 
Vertrieb: Aveley Electric Ltd, Ayron Road, 
Aveley Industrial Estate, South Ockendon, Essex 
(Abbildung Seite 325) 


Das Gossen Messgerat Type UPHI ist 
ein robustes Mehrzweck-Instrument zur 
Messung von Wechselstromspannung,. 
Wirk- und Blindstrom, Leistungsfaktor, 
Frequenz, Widerstand, Scheinphasen- 
winkel und Blindleistung. 

Vielseitigkeit und robuste Konstruk- 
tion sowie die Spiegelskala machen das 
UPHI zu einem sehr niitzlichen tragbaren 
Messgerit fiir Messungen im Bereich von 
40 Hz ... 4 kHz. 

Das UPHI gibt Vollausschlagan- 
zeigen von 12...600 V, 60 mA...120 A, 
122...100 k2 in mehreren Bereichen, + 90° 
(cos Q sin Q) bei 400 Hz und 4 kHz. 

Das Instrument hat ein kraftiges, hoch- 
wertiges Drehspulmesswerk mit feder- 
belasteten Edelsteinlagern. Eine interne 
1,5 V—Batterie ist die Spannungsquelle 
fiir die Widerstandsmessungen; fiir die 
Nullstellung wird ein Drehpotentiometer 
benutzt. 
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Vorwahizihigerit 
Pentechnique Lid. Imperial Lane, Cheltenham, 
Gloocestershire 


(Abbildung Seite 325) 


Kompakte Vorwahizihlgerate mit 2, 


3, 4 oder 5 Dekatronréhren sind die 
aeusten Entwicklungen im Zahlerpro- 
gramm der Pentechnique Ltd. Sie kénnen 
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mit vielen Abwandlungen fiir Spezial- 
verwendungszwecke geliefert werden und 
kénnen vorgewadhlite Vorginge bis zu 
99 999 mit einer Héchstfrequenz von 
5 kHz von fotoelektrischen oder magne- 
tischen Gebern zahlen. Der untere Teil 
des Gerites kann die Stevergerate und 
Schaltungen aufnehmen, die besonders 
fiir die Zufiihrungsvorrichtung ausgelegt 
sind. Das Ausgangssignal fiir die vorge- 
wihlte Menge kann entweder Relais- 
kontakte schliessen oder eine elektrische 
Anzeige geben. 

Die Abbildung zeigt einen 5-Dekatron- 
Vorwahizahler, der mit, einer Riittelzu- 
fiihrungsschale und  fotoelektrischem 
Geber benutzt wird, um vorgewihlte 
Mengen von O-Gummiringen zu zahlen. 
Durch zwei einfache  Einstellungen 
kénnen 15 verschiedene Gréssen von 5,5 
bis 24 mm Aussendurchmesser gezihlt 
werden. Alle Steuerorgane, einschliesslich 
derjenigen fiir die Riittelschale, sind auf 
der unteren Frontplatte des Zihlers 
angeordnet, und Spezialschaltungen 
sichern gegen falsche Bedienung. Der 
“Start”’-Knopf stellt die Dekatrons auf 
Null und leitet die Zahlung ein. Die 
Riittelschale wird nicht erregt, falls die 
Riickstellung aus irgend einem Grund 
fehlerhaft ist. Dadurch braucht der 
Arbeiter nicht zu priifen, ob die Riick- 
stellung richtig erfolgte. Sollte es erfor- 
derlich sein, die Riittelschale wahrend 
des Z&hlens auszuschalten, wird der 
“Halt”-Knopf_ gedriickt. Bei nachfol- 
gender Betiitigung des “Start”-Knopfes 
werden die Dekatrons nicht zuriickge- 
stellt, und die unterbrochene Zahlung 
lauft weiter. 

Die verschiedensten magnetischen und 
fotoelektrischen Geber sind fiir eine 
grosse Auswahl von Bauelementen lie- 
ferbar. Auf Wunsch _ kénnen Befesti- 
gunesvorrichtungen fiir Geber und 
Anderungen der Riittelschale ausgefihrt 
werden. 
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Halbleiter-Halterung 


Rendar Instruments Ltd, Victoria Road, Burgess 
Hill, Sussex 


(Abbildung Seite 325) 


Diese Halterung wurde zur festen 
Verankerung von’ Transistoren’ mit 
Durchmessern von 4.75 ...6,35mm _ kon- 
struiert. Die Grundplatte ist aus Poly- 
propylen gepresst und mit einer gehiarte- 
ten Berylikupferfeder ausgeriistet. Be- 
festieung auf einer Schaltungsplatte 
erfolgt mittels einer 8BA-Schraube 
(2.2mm). und ein angepresster Stift 
verhindert jedes Verdrehen. 
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Hochohmiges Voltmeter 
Vertrieb: Scientific Furnishings Ltd, Poynton, 
Cheshire 
(Abbildung Seite 325) 


Das Halex “Electrosenser” Voltmeter 
Modell 301E ist ein empfindlicher Prazi- 
sions-Folgeverstarker mit dem Verstir- 


338 


kungsfaktor 1, einer Gleichspannungs- 
Folgegenauigkeit von 0,001% und einer 
Stromempfindlichkeit von 10-"A (60 
Elektronen/Sek). Der Eingangswirkwider- 
stand ist héher als 10-2 und die Ein- 
gangskapazitét geringer als 0,01 pF, so 
dass die Einstellzeit vernachlassigbar ist. 
Nieder- und hochohmige Ausgangsklem- 
men von weniger als 0,22 bzw. 5002 sind 
vorgesehen. 

Die bequem angeordneten Abschir- 
mungen der Eingangsklemmen ermdg- 
lichen Messung dusserst geringer Ener- 
gien ohne grosse und umstindliche 
Abschirmhauben oder geschirmte 
Kabinen und ohne Stérung der Ablesung 
durch lange Zeitkonstanten. 

Die Leistung des “Electrosenser” Volt- 
meters ist auf eine von der Halex Incor- 
porated in USA entwickelte Bautechnik 
zuriickzufiihren, die als “relativistic 
coupling” (relativistische Kopplung) 
bezeichnet wird. Acht Verstirkerstufen 
einschliesslich eines erdfreien Elektro- 
meterverstarkers finden Verwendung, 
jedoch ohne Vibratoren oder Zerhacker. 

Das System besteht aus drei Prazisions- 
verstirkern mit Verstirkungsfaktor 1, 
die vollstandig von drei getrennten 
Abschirmungen umgeben sind; die Erde 
des innersten Verstirkers dient als 
Abschirmung fiir den folgenden Ver- 
starker. Jede der drei Abschirmungen ist 
mit einer der drei durch Teflon isolierten 
Schutzabschirmungen verbunden, die 
zusammen mit einer Erdabschirmung 
konzentrisch um den Eingangsinnenleiter 
liegen. Die drei Schutzabschirmungen 
werden von den Verstarkern des Gerates 
mit Spannungen getrieben, die dem Ein- 
gangssignal am Innenleiter fast gleich 
sind. Als Resultat dieser Anordnung 
wird der wirksame Eingangswiderstand 
iiber den der Teflonisolation angehoben 
und liegt sogar iiber dem der Aussenluft, 
die das Gerait umgibt. Durch die Mehr- 
fachabschirmung wird auch die Auf- 
nahme von Fremdenergie verhindert. 

Das eingebaute Ausgangsmessgerat hat 
eine Anzeigegenauigkeit von 1%. Durch 
einen Schalter kénnen wahlweise elf 
Bereiche mit Vollausschlagswerten von 
+1 V bis zu +250 V Gleichspannung 
oder 500 V Doppelspitzenwert nieder- 
frequenter Wechselspannung eingestellt 
werden. Frequenzen kénnen bei niedriger 
Amplitude und niedrigem Quellenwider- 
stand bis zu 1 kHz gehen. Die Bereich- 
umschaltung  beeinflusst weder den 
Eingangswiderstand noch den Ausgang 
an den Klemmen oder die Verstérkung 
der einzelnen Verstirker. Die Drift ist 
nach der Anwéirmezeit geringer als 
0,001°%, des Vollausschlages. 
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Transistorisierter 
Gleichspannungsverstirker 


Fenlow Electronics Ltd, Springfield Lane. 
Weybridge, Surrey 


(Abbildung Seite 326) 


Dieser volltransistorisierte, zerhacker- 
stabilisierte Gleichspannungsverstarker 
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ist fiir Verwendung in der Verfahrens- 
regelung, in Analogrechnern und fiir 
allgemeinen Verstarkereinsatz bestimmt. 
Das Gerit hat hohe Verstéarkung und 
einen eingebauten Hilfskanal fiir Drift- 
korrektur mit Zerhacker-Transistor. Die 
den Zerhacker treibende Wellenform 
wird von einem Multivitrator erzeugt, 
der im Verstarkergehause eingebaut ist. 
Die Drift liegt bei 200 uV, die Rausch- 
spannung ist unter 100 “#V und die 

Bandbreite bei offener Schleife 1 kHz. 
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Lautstiirkemesser 
Vertrieb: B & K Laboratories, 4 Tilney Street, 
Park Lane, London, W.1 
(Abbildung Seite 326) 

Der Briiel und Kjer Prdazisionslaut- 
starkemesser Type 2203 ist transistori- 
siert, tragbar und batteriegespeist. Er ist 
so ausgelegt, dass er den [EC-Normen- 
vorschligen fiir Priazisionslautstarke- 
messer voll entspricht. 

Das mit einem Prazisionskondensator- 
mikrofon B & K Type 4131 ausgeriistete 
Geraét hat direkte Skalenablesung von 
22...134 dB mit +1 dB Genauigkeit; der 
lineare Frequenzgangbereich liegt zwi- 
schen 20Hz und 15 kHz. Die Gesamt- 
verstarkung von 110 dB gibt Vollaus- 
schlag fiir eine Eingangsspannung von 
10 uwV. Durch starke Gegenkopplung 
wird der stabile Betrieb des Verstarkers 
gewiahrleistet. Ein eingebauter stabilisier- 
ter Eichgenerator erméglicht eine ein- 


fache Priifung der Verstarkung. Zwischen 


der ersten und zweiten Verstarkerstufe 
sind die drei [EC-Bewertungsfilter fiir 
Prazisionslautstarkemesser eingeschaltet. 
Der Messwerkgleichrichter gibt den fiir 
die IEC-Normen erforderlichen quasi- 
quadratischen Mittelwert. 

Durch Einschaltung externer Terz- 
und Oktavenfilter kann das Instrument 
schnell in einen Frequenzanalysator 
umgewandelt und ein Pegelschreiber am 
Ausgang angeschlossen werden, wenn 
eine Daueraufzeichnung der Messungen 
erforderlich ist. Durch Austausch der 
Mikrofonkapsel gegen einen Adapter 
(Eingangsadapter J[2612) kann das Gerat 
in einen Spannungs- und Schwingungs- 
verstarker umgewandelt werden. Ein in 
den Eingang geschalteter Beschleuni- 
gungsmesser macht Schwingungsmessun- 
gen mdglich. 

Die Skala kann beleuchtet werden, 
um Messungen an dunklen und schlecht 
beleuchteten Platzen zu erleichtern. In 
Betrieb zeigt ein regelmidssig aufleuch- 
tendes Signal an, dass die Stromversor- 
gung arbeitet. Das Instrument kann in 
einer stabilen Ledertragtasche geliefert 
werden. 
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Roéhrenvoltmeter 


Taylor Electrical Instruments Ltd, Montrose 
Avenue, Slough, Backinghamshire 


(Abbildung Seite 326) 


Das Modell 172A ist ein Universal- 
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rohrenvoltmeter kompakter Abmessun- 
gen und guter Stabilitét. Der Eingangs- 
widerstand fiir die Gleichspannungs- 
bereiche ist 11 M2 und fir die 
Wechselspannungstereiche zwischen 830 
k{2 und 1,5 M{). Mit Hilfe eines Quarz- 
messkopfes kann das Instrument fiir 
Frequenzen bis iiber 200 MHz tenutzt 
werden. 

Der geeichte Messumfang ist 0... 1,5 
kV Gleichspannung in sieben Bereichen; 
0... 1,5 kV effektive Wechselspannung in 
sieben Bereichen; 0...4,2 kV Wechsel- 
spannung Spitze-zu-Spitze in sieben 
Bereichen und 0...100 MQ in sieben 
Bereichen. Mit einem Spezialmesskopf 
kénnen Gleichspannungen bis zu 30 kV 
abgelesen werden. 

Einstellung eines Nullpunktes auf de: 
Skalenmitte und ein Umpolungsschalter 
sind vorgesehen. 
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Anniherungsschalter 
The Donovan Electrical Co. Ltd, Granville 
Street, Birmingham 1 


(Abbildung Seite 326) 

Dieser Annaherungsschalter wurde 
entwickelt, um unter besonders schwieri- 
gen Bedingungen, oder wo. direkte 
mechanische Kontaktbetétigung  uner- 
wiinscht ist, mechanisch betitigte End- 
schalter zu ersetzen. Der Fiihlkopf ist 
vollig gegen Gl, Schaum usw. abgedichtet 
und hat keine beweglichen Teile. Da der 
Kopf weder einen Eisenkern noch einen 
Dauermagneten enthadlt, werden eisen- 
haltige Staubteilchen oder Spine nicht 
angezogen. 

Wenn eine geniigend grosse, halbwegs 
ebene Metalloberflache (zwischen 6 und 
13 cm’) bis auf ungeféhr 6 mm an die 
gerade Kopffliche herankommt, spricht 
das Relais des Steuergerites an. Die 
reproduzierbare Genauigkeit des Vor- 
gangs haingt zu einem gewissen Grad 
von der Verwendungsmethode ab, liegt 
jedoch _iiblicherweise bei, 0.5 mm. 
Solange die dem Kopf gegeniiberste- 
hende Fliache flach genug ist, wird jede 
Metallart oder -dicke erfasst; aber Spine 
und Metallstaub haben normalerweise 
keinen Einfluss, da sie zu klein sind. Der 
Standardkopf hat einen Duchmesser von 
38,1 mm und ist tiber ein 1,80 m langes 
koaxiales Kabel mit dem Steuergerat 
verbunden. Das Steuergerit ist in einem 
Stahiblechgehiuse von 178 x 152,5 x 
114.5 mm _ untergebracht. 


Grosse Netzschwankungen sind fiir 
die Nennspannungen von 230 V _ oder 
400 V_ zulassig. Das Steuergerit hat 
einen Leistungsbedarf von 6 W. 


Spezialképfe fiir die Anzeige von 
Werkzeugbruch und Spezialsteuergerate 
fiir kontaktloses Schalten sind lieferbar. 
Der Anniaherungsschalter arbeitet nach 
dem Prinzip der induktiven Kopplung 
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und nicht kapazitiv, so dass er durch 
Stéraufnahme nicht beeinflusst wird. 
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Elektronenstrahiréhren fiir Oszillografen 


Sylvania-Thorn Colour Television Laboratories 
Ltd, Great Cambridge Road, Enfield, Middlesex 


(Abbildung Seite 327) 


Eine besonders fiir Breitband- und 
Kurzzeitoszillografen entwickelte neue 
Elektronenstrahlréhre wird jetzt von der 
Sylvania-Thorn Colour Television 
Laboratories Ltd. hergestellt. 


Die neue hochempfindliche 127 mm 
Prazisions-Elektronenstrahiréhre Type 
SESD hat spiralférmige Nachbeschleuni- 
gung mit 10 cm Auslenkung in X-Rich- 
tung und 5 cm in Y-Richtung. Die Y- 
Empfindlichkeit ist 3,5 V/cm, die X- 
Empfindlichkeit 14 V/cm bei einer 
Spannung von 10 kV an der letzten 
Anode. Das Nachbeschleunigungsver- 
haltnis ist 12. 

Mit der SESD hat Sylvania-Thorn vier 
weitere neue Réhren herausgebracht. 

Die SESE ist in Gestaltung mit der 
SESD identisch, hat aber eine Ablenk- 
fliche von 6 x 10 cm und eine Y-Emp- 
findlichkeit von 5,5 V/cm. 

Die SE4A und SE4B sind 102 mm 
Réhren mit einer Ablenkflache von 
5 X 8 cm mit 8 kV bzw. 4 kV Spannung 
an der letzten Anode. Die SE4A hat eine 
X-Empfindlichkeit von 48 V/cm und 
eine Y-Empfindlichkeit von 15 V/cm; die 
Ablenkfaktoren der SE4B sind 25 V/cm. 
Beide R&éhren haben ein Nachbeschleuni- 
gungsverhiltnis von 4. 

Die SE3A ist eine 76 mm—R6hre mit 
einer Ablenkflache von 5 xX 6 cm. Die 
X-Empfindlichkeit ist 27 V/cm, die 
Y-Empfindlichkeit 7 V/cm und die 
Spannung an der letzten Anode 4 kV. 
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Transistor-Alterung 


P.T.S. Electronics Lid, 96 Horsenden Lane, 
Greenford, Middlesex 


(Abbildung Seite 327) 

Die Anlage besteht aus fiinf getrennten 
Ofen, deren Temperatur mittels Thermo- 
staten auf 45°C +2° eingeregelt ist. 
Jeder Ofen ist mit Laufschienen fiir vier 
Transistor-Ladeplatten ausgeriistet, so 
dass er eine Kapazitét von 4000 Tran- 
sistoren hat. 

Die Luftumwalzung erfolgt durch 
einen Ventilator mit 28 m*/min Leistung, 
der itiber Kanadle Luft durch jeden Ofen 
zieht. 

Im Stand der Anlage sind fiinf Doppel- 
Netzgerite untergebracht, die 0...16 V 
100 A fiir den Strombedarf der Tran- 
sistoren abgeben. 
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NF -Leistungsverstiirker 
Goodmaas Industries . Axiom Works. 
Lancelot Road, Wembley, Middlesex 
Der Leistungsverstirker PASVA gibt 
im Dauerbetrieb tiber einen Frequenz- 
bereich von 5 Hz...20 kHz (+1 dB) 5 W 
ab und ist in erster Linie als Treiber von 

Schwingungsgeneratoren gedacht. 

Die Schaltung besteht aus ciner als 
Verstirker und Phasenteiler wirkenden 
Doppeltriode, die ein Paar in ultra- 
linearer Gegentaktschaltung arbeitende 
EL84—Rdhren treibt. 
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Zweistrahl-Oszillograf 
Solartron Laboratory Iustruments Ltd, Cox Lane, 
Chessington, Surrey 
(Abbildung Seite 327) 


Modell CWI016 ist ein kompakter 
Zweistrahl-Oszillograf, der fiir Gestellein- 
bau bestimmt ist. 

Er hat zwei identische Y-Verstarker 
mit einer Bandreite von 0...5 MHz und 
einer Anstiegszeit von ungefahr 70 ns. 
Neun geeichte Bereiche geben +5% 
Genauigkeit zwischen 100 mV/cm und 
50 V/cm. Zusitzlich gibt eine Feinre- 
gelung eine ununterbrochene Uber- 
streichung bis zu ungefahr 100 V/cm. 
Y 2 ist ein eingebauter Wechselstrom- 
vorverstérker vorgeschaltet, der sechs 
weitere Empfindlichkeitsbereiche mit 
einer Héchstempfindlichkeit von 1 mV/ 
cm ergibt. 

Die Eingangsimpedanz ist 1 MQ und 
30 pF Eingangsspannungen bis zu 500 V 
kénnen “massefrei” zugefiihrt werden, 
um von Erde isolierte Signale darzu- 
stellen. 

Die Zeitablenkung hat iiber den 
Bereich von 1 cm/us...2 cm/s 18 
geeichte Stufen in 1-2-5 Reihe mit +5% 
Messgenauigkeit. Eine Feinregelung mit 
geeichten Positionen erméglicht kon- 
tinuierliche Einstellung bis zu 1 cm/s. 
Eine Hiéchstablenkgeschwindigkeit von 
5 cm/s kann durch Benutzung der X- 
Dehnung erzielt werden. Der Oszillograf 
kann intern oder extern getriggert wer- 
den. “Pegel”- und “Stabilitait’-Regler 
erméglichen genaues und zuverlissiges 
Triggern fiir vorgewahlte Punkte der 
dargestellten Wellenform. 

Die Schaltung der Zeitablenkung 
arbeitet mit mitlaufender Ladespannung 
und gibt eine Geradlinigkeit, die besser 
als 1% ist. Die Zeitablenkungswellen- 
form (10 V_ Spitze-zu-Spitze) ist zu 
Buchsen auf der Frontplatte herausge- 
fiihrt. 

Der X-Verstiirker hat eine Bandbreite 
von 0...750 kHz und eine kontinuierlich 
regelbare Empfindlichkeit von 0,15 
Vicm...1,5 V/cm. Der Verstirker ist 
fiir externe Signale direkt zuginglich. 

Ein 30 V-—Aufhellimpuls wird in 
einer getrennten bistabilen Schaltung 
erzeugt, die mit der Elektronenstrahl- 
réhre gleichspannungsgekoppelt ist und 
gibt bei allen Ablenkgeschwindigkeiten 
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helle Sichtanzeige. Externe Helligkeits- 
modulation kann auch benutzt werden. 

Zur Eichung der Zeitablenkung und 
Y-Empfindlichkeit ist eine Rechteck- 
wellenform mit 0,5 V_ Spitze-zu-Spitze 
bei Netzfrequenz vorgesehen. 

Die Ejichgenauigkeit wird durch 
stabilisierte Hochspannung unabhangig 
vom Helligkeitswert gewahrleistet. Die 
benutzte Elektronenstrahlréhre Type 
3AZP31 hat zwei Strahlerzeuger und 
einen Schirmdurchmesser von 89 mm. 
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Neutronengenerator 


20th Century Electronics Ltd, Centronics Works, 
King Henry's — Addingtoa, Croydon, 
urrey 


(Abbildung Seite 327) 


Dieses Gerit wurde als Neutronen- 
quelle mit veranderlicher Intensitét und 
Energie fiir Laborverwendung entwickelt. 
Als wesentliche Merkmale sind zu 
nennen: hohe Neutronenerzeugung, Ver- 
suchsanpassungsfahigkeit und Dauer- 
oder Impulsbetrieb. 

Eine Deuterium-Tritium Reaktion wird 
zur Erzeugung der 14 MeV—Neutronen 
benutzt. Deuteriumionen werden auf das 
Tritiumziel beschleunigt; im Dauer- 
betrieb ist die Neutronenleistung 10'° 
Neutronen pro Sekunde. Schnelle Neu- 
tronen werden gebremst, um thermische 
Neutronen zu erzeugen. Das Gerat wird 
laufend gepumpt und hat eine Be- 
schleunigungsspannung von 150 kV. 

Ausser der Verwendung als Neutro- 
nenerzeuger kann das Gerat auch zusatz- 
lich schnell auf Abgabe beschleunigter 
Ionenstrahlen von Deuteronen’ und 
Protonen eingerichtet werden. 
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Prizisionspotentiometer 
Miles Electronics Lid, Shoreham Airport, Sussex 
(Abbildung Seite 328) 


Dieses Prizisionspotentiometer hat 
einen Aussendurchmesser von 55mm 
und ist 25,4mm hoch. Trotz der kleinen 
Abmessungen ist es robust gebaut und 
kann lange Zeit ohne Genauigkeitsver- 
lust arbeiten. 

Ausser den iiblichen Endverbindungen 
kénnen bis zu 33 Abgriffe vorgesehen 
werden. Abgriffe erfolgen an Einzel- 
windungen des Drahtes, so dass neben- 
einander liegende Windungen des Wider- 
standselementes nicht kurzgeschlossen 
werden. 

Fiir Widerstandswerte iiber 10k haben 
die Potentiometer das kleine Antriebs- 
moment von 5 cmg; unter 10 k{) betragt 
es 7 cmg. 

Bis zu 10 Potentiometer kénnen auf 
einer Welle gestapelt werden, wobei 
jeder Gang die Lange des Satzes um nur 
19,84mm _ erhéht. 
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Fotovervielfacher 
Mallerd Lid, Mullard House, Torrington Place, 
Leadon, W.C.1 


, 


(Abbildung Seite 328) 


Anfang vorigen Jahres _ kiindigte 
Mullard den Fotovervielfacher S56AVP 
an, dessen hohe Bildauflésung und Emp- 
findlichkeitsspitze bei 4200 A besonders 
wichtig fiir Verwendung mit Szintilla- 
tionszahlern ist, die hohe Zeitauflésung 
erfordern. 

Jetzt wird eine Weiterentwicklung 
bekanntgegeben, nach der diese Rodhre 
fiir Verwendung mit Gasszintillations- 
zahlern mit einem Quarz-Stirnfenster 
ausgestattet wird. Die neue Type 56UVP 
ist der 56AVP sehr 4nlich, hat aber eine 
Spektralempfindlichkeit, die weit in den 
ultravioletten Bereich ausgedehnt ist. 
Die nutzbare Empfindlichkeit geht bis zu 
2300 A herunter und hat eine Spitze bei 
4000 A (0,4 um). 

Fiir Arbeiten mit hoher Auflésung 
sind sehr kleine Elektronenlaufzeitunter- 
schiede erforderlich, die im 56UPV bei 
Halbimpulshéhe nicht mehr als 2,0 ns 
betragen. Die Anstiegszeit hat dieselbe 
Dauer. 

Die wesentliche Herabsetzung der 
Laufzeitunterschiede ist auf die Kon- 
struktion des elektronenoptischen Ein- 
gangssystems zuriickzufiihren, in dem die 
Fotokathode so gewdlbt ist, dass der Weg 
fiir die einen beliebigen Punkt der Netz- 
fliche zur ersten Vervielfacherstufe ver- 
lassenden Elektronen niadherungsweise 
gleichlang ist. Tatsichlich ist der Lauf- 
zeitunterschied zwischen Elektronen, die 
vom Umfang der ersten Fotokathode auf 
der ersten Dynode ankommen und Elek- 
tronen, die von der Mitte ankommen, 
nur 0,3 ns. 

Durch sorgfiltige Formgebung der 
Dynoden in den 14 Vervielfacherstufen 
und durch zusitzliche Fokussierelek- 
troden zwischen jeder Vervielfacherstufe, 
die trotz schnell anwachsender Elektro- 
nenzahl den Strahl von Stufe zu Stufe 
fortschrittlich einengen, wird die Lauf- 
zeit gleichmidssig gehalten. 
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Vidikon-Aufnahmerdéhre 
English Electric Valve Co. Ltd, Chelmsford, Essex 
(Abbildung Seite 328) 


English Electric Valve Co. Ltd hat die 
Vidikon-Aufnahmerdhre 7038 eingefiihrt, 
um der wachsenden Mannigfaltigkeit der 
Vidikon-Verwendung gerecht zu werden. 
Die Konstruktion dieser Réhre ist um- 
fangreich genug, um Einsatz fiir Filmab- 
tastung, Studiosendungen und industrielle 
Zwecke zu ermdglichen, fiir die bisher 
mehrere Spezialréhren benutzt wurden. 
Kleine Abmessungen und Einfachheit 
erleichtern Konstruktion und Betrieb der 
Kamera und zugehérigen Gerite, die, 
mit Anlagen fiir kompliziertere Aufnah- 
meréhren verglichen, dusserst kompakt 
sind. Das ist besonders wertvoll in 3- 
Réhren - Farbkameras und _ Industrie- 
kameras, fiir die kleine Abmessungen 
erforderlich sind. 
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In der Mitte der Stirnfliche hat die 
7038 ein Auflésungsvermégen von unge- 
fahr 600 Zeilen. Eine gleichmassige 
lichtleitende Schicht wird als lichtemp- 
findliches Element benutzt, das durch 
einen praktisch panchromatischen Fre- 
quenzgang gekennzeichnet ist, wodurch 
Fleischfarbténe getreu wiedergegeben 
werden und ein anderen Aufnahmeréhren 
ahnliches Bild entsteht. Die Empfind- 
lichkeit der 7038 erméglicht Direktauf- 
nahme von Szenen bei auffallender 
Beleuchtung von 1000 bis 2000 Lux mit 
einer Objektivéffnung von f/2,8 ... £/4,0. 
Fir Fernsehbildqualitaét wird fiir Direkt- 
aufnahme in den hellsten Bildpunkten 
eine Schirmtragerbeleuchtung von 60... 
150 Lux und fiir Filmabtastung von 1000 
Lux empfohlen. Unter diesen Betriebs- 
bedingungen ist die Verschmierung 
vernachlissigbar klein, und die Bild- 
gleichférmigkeit entspricht dem hich- 
sten Standard. Fiir Industriezwecke kann 
diese hochempfindliche Réhre mit 20 Lux 
Schirmtragerbeleuchtung bei nur geringer 
Verschlechterung der anderen Parameter 
benutzt werden. 
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Stabilisierte Netzgeriite 
Fraser Speller Transformers Ltd, Sydenham 
Road, Sydenham, London, S.E.26 


(Abbildung Seite 328) 


Diese Gerite sind fiir Verwendung auf 
dem Messtisch oder Einbau in andere 
Geriate geeignet. Die Schaltung arbeitet 
ohne Drossel unter Benutzung von Elek- 
trolytkondensatoren, wodurch das Gerit 
kompakt und verhiltnismassig leicht ist. 
Standardgerate sind fiir Ausgangsspan- 
nungen von +150, 200, 250 und 300 V 
bei 0...100 mA, Geriate fiir andere 
Spannungen auf Bestellung _lieferbar. 
Zwei Wechselspannungen von 6,3 V, 3A 
sind auch vorgesehen. Die Stabilitaét der 
Ausgangsspannung liegt bei 0.06%, und 
effektive Restwelligkeit ist geringer als 
2 mV. Der effektive Quellenwiderstand 
ist unter 0,10 und der Ausgangswider- 
stand fiir alle Frequenzen unter 22. 
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Transistorisierter Zerhackermodulator 
Telephone Manofacturing Co. Ltd, Martell Road, 
West Dalwich, London, S.E.21 
(Abbildung Seite 329) 


Modell SM10 ist ein kleiner, hochkon- 
stanter, mit Si-Transistoren bestiickter 
Zerhacker, der zur Zerhackung niedriger 
Gleichspannungen ausgelegt ist. Er ist 
direkt gekoppelt und bietet dem Kon- 
strukteur einen Blockierzerhacker ein- 
facher Form. Er hat eine eingebaute 
Wellenformerschaltung, kann von jeder 
6V sinus- oder rechteckwellenférmigen 
Quelle im Frequenzbereich 40Hz... 
1 kHz betrieben werden und schaltet zu 
zerhackende Spannungen von 1 V... 
250 mV. 


MAY 1961 


Sorgfaltig ausgesuchte und angepasste 
Baueclemente geben dem Gerit niedrige 
Drift und praktisch unendliche Lebens- 
dauer. Da alle Bauelemente in einem 
Aluminiumbecher eingekapselt sind, ist 
der Baustein praktisch unempfindlich 
gegen Schwingungen und _ Stosseinwir- 
kung. Im Gegensatz zu mechanischen 
Zerhackern hat er keine der Abnutzung 
unterliegenden beweglichen Teile oder 
Kontakte, die verschmutzen kénnen und 
benétigt keinerlei Justierung. Ausserdem 
ist er Uber einen grossen Temperatur- 
bereich hochkonstant. 
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Miniatur-Summenkreisel 
Ketay Ltd, Eddes House, Eastern Avenue West, 
Romford, Essex 


(Abbildung Seite 329) 


Ein neuer Summenkreisel Type RI-203 
wurde vor kurzem von der Norden 
Division der United Aircraft Corporation 
eingefiihrt und ist jetzt in England 
durch Ketay Ltd. erhiltlich. 

Dieser Prazisionskreisel wird u.a. in 
der Triagheitsnavigation und in Lenk- 
systemen fiir Flugkérper und Flugzeuge, 
in der Stabilisation von Bordanlagen in 
Schiffen und iiberall dort Verwendung 
finden, wo genaue dynamische Winkel- 
messungen erforderlich sind. 

Eingenschaften des neuen Kreisels 
umfassen die niedrige Abdriftrate - er hat 
eine regellose Abdrift von weniger als 
0,02°/h, die ausgezeichnete  tigliche 
Stabilitéat von 0,10°/m ohne Justierung— 
und die ungewéhnlich lange Lebens- 
dauer von 3000 Stunden. Die niedrige 
Abdrift wurde mit einem Rotor erzielt, 
der nur mit 12000 UPM lauft und durch 
diese Geschwindigkeit wesentlich zur 
langen Lebensdauer des Gerites beitrigt. 

Dieser Lenkkreisel ist bei einem 
Durchmesser von 50,8 mm nur 78,75 mm 
lang und wiegt mit Heizung und Abschir- 
mung nur 450 g. 
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UKW-Signalgeber 


R.E.E. Telecommunications Ltd, 15a Market 
ware, Crewkerne, Somerset 


(Abbildung Seite 329) 


Dieser tragbare Signalgeber ist voll- 
transistorisiert, hat gute Frequenzkon- 
stanz und niedrige Streuung, so dass er 
besonders fiir die hohe Empfindlichkeit 
und den geringen Kanalabstand 
moderner UKW-Empfanger geeignet ist. 

Der Frequenzbereich von 115...135 
MHz wird iiberstrichen, und die Aus- 
gangsspannung ist 0,1 “V...10 mV an 
75Q. Die HF-Streuung ist geringer als 
0,2 #V und die Frequenzdrift wahrend 
eines 10 min. Intervalls unter 5 kHz. Die 
Eichgenauigkeit ist 0,2%. 

Das Gerat wird von internen Queck- 
silber-Batterien gespeist. 
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Motorgetriebener Fernsehkanalschalter 
The Plessey Co. Lid, Vicarage Lane, Mford, 


(A bbildung Seite 329) 


Wir bedauern, dass auf Seite 254 
unseres April-Heftes eine falsche Abbil- 
dung gezeigt wurde. Die richtige Abbil- 
dung erscheint in dieser Ausgabe. Im 
April-Heft wurde ein ZF-Miniaturtiber- 
trager gezeigt, der von der Wireless 
Telephone Co. Ltd, einer Schwesterfirma 
der Plessey Co. Ltd, hergestellt wird. 
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Tragbarer Elektrokardiograf 
New Electronic Products Lid, 360 Kenningtos 
Road, London, §.E. 11 
(Abbildung Seite 329) 


Die Abmessungen dieses tragbaren 
Miniatur-Elektrokardiografen sind nur 
228,6 X 101,6 x 101,6 mm. Das Gerat 
wiegt komplett mit Ledertragtasche nur 
4 kg. Transistoren und gedruckte Schal- 
tungen werden benutzt, und als Strom- 
quelle dient eine aufladbare Batterie. 

Das Diagramm ist wahrend der Regi- 
strierung sichtbar, und zu den einge- 
bauten Standardmerkmalen gehdren 
wahlweise Schaltung aller Zuftihrungen 
und Normung auf 1 mV/cm mit Schalter 
fiir 2fache Dehnung. 

Der Schreibstreifen ist tiber 15 m lang 
und 40 mm breit. Geschwindigkeiten von 
50 mm/s, 25 mm/s und 5 mm/s sind 
vorgesehen. Registrieren erfolgt mit 
einem beheizten Schreibstift; ein Mikro- 
schalter Andert die Styluswarme entspre- 
chend der gewahlten Geschwindigkeit. 

Der Eingangswiderstand ist besser als 
1 MQ, und der Frequenzgang liegt von 
Gleichstrom bis zu 70 Hz innerhalb 
+3 dB. 
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Schutzrohrkontaktrelais 
B & R Relays Ltd, Temple Fields, Harlow, 


(Abbildung Seite 329) 


B & R Relays haben jetzt zwei Schutz- 
rohrkontaktrelais in Produktion. Einer 
der Hauptvorziige der Schutzrohrkon- 
taktkonstruktion ist die erreichbare 
Schaltzahl: 20x 10* Schaltungen bei 
maximaler Nennbelastung. Der nur 
0,030 betragende Kontaktwiderstand ist 
auch sehr interessant. Die neuen Relais 
sind in Einsteckausfitihrung. Type ROI 
hat einen 8-Stecker-Sockel und kann bis 
zu drei Schutzrohrkontakte aufnehmen. 
Type RO2 hat mit Ausnahme des 14- 
Stecker-Sockels dieselben Abmessungen, 
ist aber fiir 4, 5 oder 6 Schutzrohrkon- 
takte ausgelegt. Beide Relais sind fir 
Gleichstrombetrieb, haben einen Durch- 
messer von 35mm und sind ungefaihr 
82,5mm hoch. Die Nennbetriebsleistung 
fiir einen Kontakt ist 0,1 W bis zu 0,9 W 
fiir 6 Kontakte. 
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Zusammenfassung 
der wichtigsten Beitrage 


Ein Leser fiir Dokumente mit handschriftlichen Vermerken von C. M. B. Reid 


Die Konstruktion einer einfachen Maschine zum Lesen von Dokumenten mit handschriftlichen 
Vermerken, wie z.B. Rechnungen, wird beschrieben. Griinde, die zur Bearbeitung des Projektes 
fiihrten, werden umrissen und die der Abtastung von handschriftlichen Zeichen eigenen Probleme 
Zusammenfassung des aufgezeigt. Die mechanische und optische Konstruktion des Lesers wird kurz angegeben und die 
Beitrages Guf Seite 274-278 logischen Operationen genau beschrieben, durch die die Information des Dokumentes abgetastet, 
parallel gespeichert, verarbeitet und in einen Lochstreifen gestanzt wird. Ein eingebautes Warnsystem 
vermindert die durch Falten und Schmutz entstehende Fehlergefahr. Ihre Wirksamkeit wird in einer 
Zusammenfassung betriebsmdassiger Resultate klargestellt. 


ACORN —ein automatisches Startiiberpriifungs- und Registriernetzwerk von R. Mansey 


Der Beitrag beschreibt eine bestehende automatische Startiiberpriifungsanlage, die fiir ein 
Flugkérpersystem entwickelt wurde, sich aber fiir jedes Flugzeug- und dhnliches System, dessen 
Parameter vorwiegend elektrisch sind, als geeignet erwiesen hat. 
Die Methode zur Aufnahme der Eingangssignale sowie ihre Auswahl und ihr Vergleich mit Normal- 
Zusammenfassung des massen wird besprochen. Die Konstruktion eines einzigartigen selbstabgleichenden Potentiometers 
Beitrages auf Seite 284-291 wird beschrieben, und es wird gezeigt, wie der normalisierte Eingang benutzt wird, um einen 
Zweirichtungs-Treppenspannungsgenerator zu steuern, bis zwischen der Treppenausgangsspannung 
und der Eingangsspannung Paritdt besteht. 
Der Beitrag schliesst mit einer kurzen Zusammenfassung der Verwendung des Gerdtes zur 
Startiiberpriifung von Flugzeugen. 


Ein Drehmomentmesser fiir Frasversuche von J. L. Gwyther 

Ein Drehmomentmesser zur Ermittlung des Frasdrehmomentes an einer Frasmaschine wird 
beschrieben. Ein Geber der Differentialtransformatortype wird benutzt, und ein fiir Schreiber oder 
Sichtanzeige am Oszillografen geeignetes Ausgangssignal ist vorgesehen. 


Zusammenfassung des 
Beitrages auf Seite 292-295 


Ein Transistor-Multivibrator von B. D. Rakovich 
Ein emittergekoppelter, selbstschwingender Multivibrator wird beschrieben. Die Dauer des 
quasistabilen Zustandes wird durch Laden und Entladen eines Kondensators gesteuert. Diese Schaltung 
Zusammenfassung des eignet sich besonders zur Erzeugung symmetrischer und unsymmetrischer Rechteckwellenformen mit 
Beitrages auf Seite 303-305 kurzem Ubergang von einem stabilen Zustand in den anderen. Eine weitere gute Eigenschaft dieser 
Schaltung ist, dass sie auf sehr niedrigen Frequenzen Rechteckimpulse ziemlich guter Form erzeugen 
kann. 


Ein verbesserter Spannungskonstanthalter von A. K. Chatterjee, K. V. Ramanan und B. S. Rao 

In einem Spannungskonstanthalter mit gegengekoppelter Verstarkung werden in der Nebenregel- 
schaltung oft zwei Gleichspannungsverstarkerstufen verwendet, um die Stabilisation in Bezug auf die 
Schwankungen der Ausgangsspannung zu verbessern. Im vorliegenden Beitrag wird gezeigt, dass eine 
am Schutzgitter der zweiten Roéhre im Gleichspannungsverstarker angelegte Eingangskompensation 
in Bezug auf die Eingangsspannungsschwankungen eine sehr hohe Stabilisation hervorruft. 
Konstruktionseinfliisse und die Leistungsverbesserung des Konstanthalters mit Eingangskompensation 
werden besprochen. 


Zusammenfassung des 
Beitrages auf Seite 308-3! | 


Anpassungsfiahige Verstiirker mit Gegenkopplung fiir Rechner, Labors und Industrie* 
* Referat von P. G. Kendall nach einem Original-Bericht von J. Miedzinski und S. A. Patel 


Im Zusammenhang mit Entwicklung und Konstruktion des Netzwerkanalysators der Electrical 
Research Association wurden Versuche an elektronischen Verstarkern ausgefiihrt, die ergaben, dass 
Zusammenfassung des die Lagerhaltung genormter Bausteine in wenigen Typen zweckdienlich ist und zu Ersparnissen fiihrt. 
Beitrages auf Seite 312-316 Die Konstruktion solcher Bausteine wird eingehend diskutiert. Ein methodisches Verfahren fiir 
ihre Verwendung zur Befriedigung vorgegebener Bedingungen wird beschrieben und durch ein Beispie: 

erldutert. 
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How to obtain high current 
constant voltage D.C. supplies? 


COLOLEREE ETE ETE EE Ea 





You could use cumbersome batteries, 

with their need for constant attention, but it 

is far simpler and certainly more reliable to use 

one of the new ‘Advance’ Constant Voltage D.C. 

Supply Units. This latest development in the application 

of Constant Voltage Transformers can be used to provide 

various d.c. supplies up to quite high current levels, as used in 
computers and data processing equipment. We shall be pleased to 
arrange for one of our technical representatives to call and discuss your 
requirements. 


























These new D.C. Supply Units .... 


@ Provide HIGH CURRENT OUTPUT AT LOW COST NETT PRICE 
@ Are SMALL IN SIZE AND WEIGHT FOR VA OUTPUT In U.K. 

@ Have HIGH ENERGY RESERVOIR, thus are suitable 
& 








for pulse, intermittent or variable loads 
Operate with HIGH EFFICIENCY 











CONSTANT 
VOLTAGE 


D.C. POWER SUPPLIES 


Full technical details jlable in leaflet MB.101. f 
Ane COMPONENTS LIMITED 


ROEBUCK ROAD * HAINAULT © ILFORD + ESSEX * TELEPHONE | HAINALAT 4666 
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SLIP RINGS 


BRUSHES 


COMMUTATORS 


PRECISION 
ROTARY SWITCHES 


IDM ELECTRONICS LTD. 


Whitley Kiln - Basingstoke Road - Reading 
Telephone: Reading 82557/8 
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FOR O08 SYNCHROS 
AND SERVOMOTORS 


Write now for full information to: Ketay Limited 


Eddes House - Eastern Avenue West - Romford - Essex - SEVen Kings 6050 
Overseas Sales Organisation: Plessey International Limited - I/ford - Essex - iLFord 3040 


MAY 


1961 


123 


EE 33 128 for further details 


Combining precision engineering with rapid re- 
sponse and stability of performance over a wide 
temperature range, Ketay Size 08 Synchros and 
Servomotors have been developed as part of a 
continuous programme to provide miniature com- 
ponents of improved performance and environmental 
resistance. Both Synchros and Servomotors have 
encapsulated stators, nickel alloy laminations and 
hermetically sealed windings which make the units 
essentially corrosion resistant. 


08 SYNCHROS 

@ High accuracy: less than + 7 minutes of arc error 

@ Temperature range: minus 55°C to plus 77°C (special 
version for 150°C will be available) 
Light weight: only 1.5 ounces (43 grams) 
High torque gradient: pre-loaded stainless steel 
bearings 
Stainless steel housings: through-bore construction 


08 SERVOMOTORS 

Outstanding high ratio of stall torque to power input 
(0.22 oz. in. for 1.75 watts control phase) 

High rate of acceleration from stall condition 
Temperature range: minus 55°C to plus 125°C. 


Hetay 
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STAND 155 
R.E.C M_F. EXHIBITION 
OLYMPIA MAY 30-JUNE 2 


Attenuators and Faders - Plugs and Sockets 
Wirewound Potentiometers - Stud Switches 
Push Button Switches - Midget R.F. Chokes 
High Stability Carbon Resistors - Terminals 
Fixed and Adjustable Wirewound Resistors 
Knobs, Dials and Pointers - Toggle Switches 


Printed Circuit Connectors 


Painton &Co. Ltd. 


KINGSTHORPE NORTHAMPTON 
Tel : 34251 (10 lines) Grams: ‘Ceil Northampton’ Telex: 31576 
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Vital to good Electronics 














Riptide pcan 


Silvered Mica, Silvered Ceramic, 
Polystyrene Capacitors for the Radio 


Television and Electronic Industry 


London Electrical Manufacturing Company Limited 
Beavor Lane, Hammersmith, London W6 
Telephone Riverside 4824, Cables Condenser London 
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CIRCUITS 
AND 


TWO-FACED C/RCUITS 
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Advance * e 


Printed circuit panel—copper side. 


Reverse side with component detail 
and circuit replica colour printed. 


Makes fault location 
easy. Developed and 
patented by 

Mills & Rockleys, the 
two-faced circuit 
speeds assembly, 

and reduces errors 

in production. 

One side of the 
laminate is a normal 
printed circuit. On the 
other side, the circuit 
is colour printed in 
reverse, together with 
positions of components 


to be wired in. 


TGA PS3 


TECHNICAL 
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Take a page 
every time 


Products from Page Engineering 
Co. are designed and perfected by 
specialists for specialised use . 
where reliability is of paramount 
importance. The Page range of 
precision-built apparatus includes 
calling systems, display indicators, 
pyrometers, relays, remote indica- 
tion and control devices and 
switches of the most advanced 
types. For a copy of our latest 
catalogue, just write your name on 
your company letterheading and 
send to: 


ENGINEERING CO. (Sunbury-on-Thames) LTD. 


Page Works, Forge Lane, Green Street 
Sunbury-on-Thames, Middx. 


Telephone: Sunbury-on-Thames 4242 (3 lines) 
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‘ Write for 
MULLARD DESIGNERS’ GUIDE 


Wy 


a quick and easy reference for all semiconductor users 


Constant research and development by Mullard on semi- 
conductor devices could mean that your particular 
design problem has been solved for you. Among all the 
new and improved types becoming available may be just 
the one for which you have been searching. 

You can be kept informed of up-to-date progress in 
semiconductors through the Mullard Designer’s Guide. 
This extremely useful leaflet contains abridged data on 
every Mullard transistor, diode and rectifier recom- 
mended for new equipment designs. The information is 
set out for quick and easy reference and it is brought up 
to date every four months. 

To benefit from this unique technical service, simply 
write to Mullard House quoting reference D325 on your 
business notepaper and you will be placed on the 
Designers’ Guide mailing list. 


MULLARD LIMITED Mullard 


Semiconductor Division 
Mullard House - Torrington Place - London - WC1 sormcenductors 
Telephone: LANgham 6633 for industry 
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Eiki XX QUALITY COMPONENTS 
AT COMPETITIVE PRICES 
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Body Moulding PTFE Nylon Phenolic 





Catalogue No. VH 127/7 VH 117/7 








Contacts Beryllium Copper—Silver plated 





Tags Pre-soldered 





Brass—Silver plated Brass—cadmium 
(CCA No. 5935-99-056-0103) plated 
Brass—-cadmium plated (Quality approved) 
(CCA No. 5935-99-056-0096) Brass—Silver plated 

















Take a close look at this B7A Valveholder. Its unique 
floating contacts are snapped into undercut moulded 
cavities so they can’t be pushed or pulled out. The 
contacts are not staked, clinched or rigidly fixed and 
they are well below the surface avoiding danger of 
accidental shorts. The valveholder can be mounted 
above or below chassis. 
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ELECTRONIC ENGINEERING 


B7A 
VALVEHOLDER 
IN PTFE 
OR 
NYLON PHENOLIC 


We can now offer you a whole range of Clix electronic 
components at prices that will make you blink. If 
you are in the market for valveholders, eightar 
connectors, miniature polytags or similar compon- 
ents ask us to send you samples and a quotation. 
A simple request could save you a lot of money and 
pay extra dividends in quality and reliability. 


Ci llX ELECTRONIC COMPONENTS 


Associated Electrical Industries Limited - Radio & Electronic Components Division - 155 Charing Cross Road - London WC2 - Telephone: GERrard 9797 
CRC 17/40 
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Take a look and you'll find... 


Finest quality ForMIcA laminates underlie many modern component designs. A case in point ts 
this new film assessor designed by Aeronautical and General Instruments Limited. The efficiency 
of this assessor is based on the use of printed circuits on FORMICA double sided copper clad 
material. FORMICA copper clad laminates are dependable enough for this important job in the field 
of electronics, they are economical, their maintenance will be little and easy. 

You'll find rormica Industrial Laminates at the heart of the best of British products from the 
smallest radio to the largest machine. High quality is backed by an unsurpassed technical service, 
and rormica Limited make paper, glass and copper clad laminates; engraving and printed 


material. 


FORMICA INDUSTRIAL 
Laminates 


For full information on FORMICA Ir.dustrial Laminates write to: 


FORMICA LIMITED (Industrial Laminates Division) 


84-86 Regent Street, London, W.1. 
Telephone : REGent 8020 
*FORMICA is a registered trademark 
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We’ve seen some things in our time. The introduction of Micanite 
to Europe. Bushings for the National Grid. Working voltages rising 
to 380 kV and over. New resins; silicone, epoxide, melamine, PTFE, 
etc. New materials; copper faced laminates, glass fabric laminates, 
mica paper, etc. New applications in nuclear power stations, 
electrically propelled passenger liners, diesel-electric loco- 
motives, automation, jet airliners, rockets——all challenging the 
abilities of the electrical insulation engineer. 

Whatever the requirement, we have always done our best to meet 
the needs of the electrical industry with the finest insulation—we 


are going to go on doing just that in our next 60 years. 


the electrical insulation people <> 
THE MICANITE & INSULATORS CO., LTD., 
Empire Works, B! . .xhorse Lane, Walthamstow, London, E.17 


Telephone: Larkswood 5500. Telegrams: Mytilite, London, Telex. Telex: 25183 
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CANNON ‘D’ Sub miniature 
SRE I cae 


COMPACT, ROBUST AND MINIMUM WEIGHT 


te How with Floating Mounting Bushes! 


| 


9d 
i, 


Available in: 9, 15, 25, 37 and 50 ways— 
with floating mounting 
bushes if specified. 

Current Rating: 5 Amps per Contact. 

Working Voltage: 750 V.—D.C. 

(Sea Level) 

Contact Resistance: <2-0 milliohms. 

Contacts: Phosphor Bronze; finish 
Gold Plate on Silver. 

Pins: Brass; finish Gold Plate on 
Silver. 

Polarization : ie gee ~~ 7 
Steel; finis assivated Cad. 

CARR FASTENER COMPANY LIMITED Covers: Standard or 90° entry with 
Stapleford, Nottingham. Cable Clamps—Steel Cad. 
Tel; Sandiacre 3085/8. Telex: 37637. plated. 

London Office: ; ; : 

195-197 Gt Portland Street,London,w.1 Joint Service Quality Approved Gert. No. 1323 
Tel: Museum 9361. Manufactured under licence from Cannon Electric (G.B.) Ltd. 
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(AEI) INSTRUMENTATION 
SS INFORMATION SERVICE 
LOW NOISE...LONG LIFE q 


, SEP SVNCHRONOUS CHOPPER 
‘s.__ TYPE CK3 


all 
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The AEl synchronous chopper is in- 
tended for chopping direct current from 
low power signal sources to alternating 
current of mains frequency, usually as a 
preliminary to a.c. amplification. It is 
suitable for both high-resistance and 
low-impedance transformer circuits. The 
type CK3 is widely used in such applica- 
tions as the chopping of thermo-couple 
signals in temperature recorders and 
drift correction in analogue computer 


amplifiers. 


The synchronous chopper type CK3 consists 

of a miniature contact assembly, actuated 

by a coil-driven reed vibrating at mains 

frequency (50 or 60 c/s). It fits a standard 9 

pin thermionic valve holder type B9A and is For further information write to: 
available with either a 6.3 volt or 12.6 volt a.c. AEI Instrumentation Division, 
driving coil. A 100 c/s tuned version is also Instrument and Meter Department, 
eveitable. Trafford Park, Manchester, 17. 


instrumentation Division 
Associated Electrical industries Limited 


scsi2s 
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d.c. volts: 





OUTPUT 


amps (max.): 





STABILITY 
RATIO 


(7% mains) 





SOURCE 
RESISTANCE 


{2 Jess than: 





A.C. 
IMPEDANCE 
{2 (max.) 
to 200 ke/s: 





RIPPLE 
(pk-pk) mV 
fess than: 

























































































* Provides two independent outputs. © Available as plug-in or wire-in sub-unit. 


TSS 61, 62, 63 are continuously variable; ail other units have coarse step plus fine 
adjust facility. F 
ley. &. 4 
: 4 y 
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TRANSISTORISED 
REGULATED 
POWER SUPPLIES 


The Roband philosophy of power 
supplies is to provide exactly your 





| TeuT 7 r 
; oe a EFFECTIVE | %VOLTAGE ! . specific requirements in units of 


vous AMPS resistance (2 STABILITY 


T SERIES OPEN CHASSIS PRE-SET VOLTAGE UNITS (Mains 200/250V A.C. 100/125V models also available) 
6-18 ’ 


lasting reliability. Roband probably 
manufacture the widest and most 


30 max 
50 max 


| comprehensive range of power 
50 max. | | | l 
' 
I | 


supplies available anywhere today 
Unrivalled Roband reliability is 
built into the power supplies by 


30 max. 
30 max. | 0-01 





Please order as follows: Type No./Voltage required. For example: 1109/45 is a 45 vole 2A unit 


T SERIES FRONT PANEL VARIABLE UNITS (Mains 200/250v A.C 100/125V models also available) 
0-30 «| 0-1 - = US % 6410 0 
0-so. | 0-1 13; 104 93 195 9300 wherever practical, and by consis- 
0-30 | 0:05 16 10 102 | 30 100 0 0 
0-30 | 0-05 1134 10f 98 19} 600 
oe | “= | 16 10, 109 | 30 | 19 0 0 
0-50 | 0:05 | 16 104 10% | 30 118 00 
0-100 0-1 21t «14h OB 4 | 14900 Painstaking Roband engineering 
0-100 Ol *2ik 144 2 | 60 183 0 0 
0 21 18 We | 64 155 0 0 
0 
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unstinted use of high grade com- 


ponents, interservices approved 
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tently underrunning them —tran- 
sistors for example at never more 


than 50% of manufacturers’ ratings 





ensures ample ventilation and 
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: conditions. 


withdrawable to fit 19” rick tNote that T104 has two independent floating sections All outputs are isolated to provide 





highly stabilised positive, negative, 
or floating supplies with negligible 
ripple. 

Open chassis units are supplied 
pre-set to any voltage from zero 
nominal (the T98 starts at 6v) 
to maximum, a pre-set control 
allowing a small variation. Any 
other voltage can be obtained by 
simple adjustment within the unit. 


Made and guoranteed by 

ROBAND ELECTRONICS LIMITED 
BEULAH WORKS, BEULAH ROAD, 
THORNTON HEATH, SURREY 

Telephone: LiVing 6606 
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ROBAND 
VACUUM TUBE REGULATED 





0.C. OUTPUT (FLOATING?) | A.C. OUTPUTS IN EFFECTIVE if % VOLTAGE RIPPLE | SIZE IN INCHES WEIGHT - re SERIES 


vours | ma | AMPS. (ALL 6-3¥) | RESISTANCE {2 STABILITY tx Oo xX HT. | 

M SERIES OPEN CHASSIS UNITS (Mains 200/250 A.C. I15¥ models also available) Rugged reliable units 
se 

3 4 

St 58 


Probably the most advanced series of 
open chassis units available today and 
characterised by an extremely rugged 
construction and a line-up of inter- 
services approved reliable valves. The 
input and outputs terminate on 
Plessey Mark 4 connectors (or any 
suitable alternative if requested) and a 
mains selector panel is included. 


o 


A compact welded rectangular frame- 
work of extruded angle aluminium 
alloy rigidly secures the ‘C” core 
transformer and the 14 S.W.G. 
chassis housing the electronic sub- 
assembly. Because all the vulnerable 
components are located within the 
framework the risk of accidental 
damage is greatly minimised. 
The framework contains anchor nuts 
which facilitate mounting the units 
in a variety of ways. It is permissible, 
i for instance to secure any two units 
FRONT PANEL UNITS (Mains 200/250v A.C side by side to a standard 19” x 7” 
front panel. 


eooooooocoeococooooeoco-ooo9eCco 
eoooooooooooocoocoso 

ecoeooeooeoeooeeoooeoeoeoeoo 8 
eooooooooooooocoococcoceso 
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Mw CO 5&5 
M26A 200 5&5 
M36 CO 5&5 
M36A 300 S&S 
M27 . 5&5 
M27A | 200 5&5 
M37 250 5&5 
M37A 300 5&5 
M29 5&5 
M29A 200 5&5 
M39 250 5&5 
MI9A 300 5a5 


High efficiency silicon junction 
rectifiers, series valves operating as 
pentodes and a ‘C” core transformer 
to H2 specification ensure a minimum 
temperature rise within the’ unit. 
Insulated carbon and vitreous wire- 
wound resistors are used throughout 
and the conservative design permits 
continuous operation at full load 
even when the mains are permanently 
+10% from nominal. 
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M SERIES 
Open chassis units 


Since their introduction some years 
ago, these chokeless supplies have 
firmly established their superiority 
over more conventional circuits. 
Their smaller size—excelient high 
frequency performance and stable 
operation down to at least | c.p.s.— 
reliability at elevated temperatures 
and safe operation for +10% mains 
changes—coupled with the highest 
engineering standards confirm the 
“M” Series as the first choice in 
stabilised units. 


Front panel units 


The front panel units have been 
designed for use with standard 19” 
racks. The panel is finished in 
B.S.S.632 grey (or any other colour 
at no extra cost) and houses the 
handles, mains and H.T. switches, 
fuses and indicator lamps. The input 
and outputs terminate on Plessey 
Mark 4 connectors (or any suitable 
alternative if requested) at the rear of 
the chassis. 


V SERIES nregutatea 
variable voitage units 


A range of regulated variable voltage 
supplies for use on the bench or 
standard 19” racks. Minimum weight 
and low internal heat dissipation are 
obtained by using chokeless circuits, 
‘C’ core transformers, silicon junction 
rectifiers and series valves operating 
as pentodes. 


V50-50. An exceptionally stable 
decade controlled 0 to 5S00V S00mA 
unit. A fixed 250V SO0mA negative 
rail and two 6.3V SA centre tapped 
windings are included. 


Q 
y 
< 
ee) 
e) 
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The decade system enables the output 
to be changed incrementally with a 
much greater accuracy than that 
obtained by normal methods. 


Price £137-10-0 ex-works 


V50-20D. A 0 to 500V 200mA 
unit (restricted to 150mA below 200V) 
of moderate performance. A regulated 
variable negative rail from 0 to 85V via 
a 100K potentiometer and two 6.3V5A 
centre tapped windings are included. 
A coarse control varies the output 
from 0 to S500V in one continuous 
sweep and a fine control is included. 


Price £69-10-0 ex-works 


2V35-25. A very compact unit 
| 0.c. OUTPUT (FLOATING? | A.C. OUTPUTS IN | EFFECTIVE | |‘ VOLTAGE nippce | SIZE IN INCHES «| WEIGHT EX-WORKS containing several regulated output 
vours | ma AMPS. (ALL 6-3¥) | RESISTANCE()! «sTasHITY o x «Hr. | | s © voltages. There are two 0 to 350V 
50V A.C ) 250m<A sections (restricted to 150mA 
below 200V) which may be operated 
separately, in parallel or in series. 
Each section has a coarse control 
to vary the output from 0 to 350V 
in one sweep and a fine control is 
included. A fixed 250V 50mA negative 
rail and two 6.3VSA centre tapped 
windings are provided. 


Price £175-0-0 ex-works 





B101/1S0 
B101/200 
BI01/250 
B101/300 
B101/350 
B102/150 
B102/200 
B102/250 
B102/300 
B!02/350 
B103/150 
Bi03/200 
B103/250 
B103/300 
B103/350 


o 
oO 


Made ond guaranteed by 

ROBAND ELECTRONICS LIMITED 
BEULAH WORKS, BEULAH ROAD 
THORNTON HEATH, SURREY 
Telephone LiVingstone 6606 
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Co-ordinate Positioning 
-at a glance! 








BRITISH 


TURRET PUNCH PRESS MODEL R.61 


This heavy duty press is designed for rapid, accurate and economical 
piercing of blanks up to 100” x 60” with minimum handling of the material, 
No marking-out is required, all apertures being located by co-ordinate 
settings. The blank is positioned relative to the punch by two handwheels, 
one controlling lengthwise and the other crosswise dimensions, which 

can be read at a glance from direct reading counters. A chart indicates 

the next settings and the turret position also. Up to 6” dia. can be 

pierced in 3” mild steel plate. 


Throat depth 33”. 26 turret stations. 
Maximum punch dia, 6”. Punching pressure 80,000 Ibs. 
Motors: 3 HP. main, 4” HP. turret. 


Send for illustrated brochure EE/197 


DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W.14 
Tel WESTERN 8077 (8 lines) Telex: 23182 Grams. ACCURATOOL LONDON TELEX 
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In ancient Peru, quartz was fashioned into ornate 
jewelry and armour of barbaric splendour. 


Today, at STC, quartz has a space-age signifi- 
cance. Modern electronics and telecommunica- 
Th ec Aztec Ss tions call for quartz crystals made to extremely 
high standards, and STC’s precision manufactur- 
ing techniques produce crystals to meet these 


had a use for it pens soci e 


STC quartz crystals maintain a high degree of 
stability under conditions of severe vibration, 
shock and climatic change. 


Write for detailed literature... 


COMPONENTS Registered Office : Connaught House, Aldwych, London W.C.2 
GROUP 


& Standard Telephones and Cables Limited 


QUARTZ CRYSTAL DIVISION , HARLOW , ESSEX 
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€LECTRo 


HIGH VOLTAGE 
SERIES 


HIGH CURRENT 
SERIES 


MINIATURE 
MOVING COIL 
SERIES 


NORMAL DUTY 
SERIES 


GATE OPERATED 
SERIES 


MINIATURE 
SERIES 


PRECISiI@ N 


<= BGTINS 


TIME-DELAY 
SERIES 
Illustrated technical data sent on request: 
ELECTRO METHODS LTD., General Products Division, CAXTON WAY, STEVENAGE, HERTS. 
Telephone: Stevenage 2110-7 
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The Plessey E.R.F. range of encapsu- 
lated r.f. inductors was designed for 
utmost reliability in use. Completely 
sealed in Plaskon Alkyd, Plessey in- 
ductors withstand the toughest usage. 
Vibration, bump, pull and twist of leads, 
humidity and temperature cycling .. . 
Plessey inductors meet these menaces 
with the appropriate quality approval 
specifications. Proof of efficiency lies 
in the present general use of these 
components by British and NATO 
ground Service communications equip- 
ments. Whatever the job, wherever the 


[ Plessey | job, you'll find it pays to specify a 


Plessey component. 


. nT. inductors withstand vibration, temperature extremes 








For further information, 
specifications etc., on Plessey E.R.F. 
inductors contact: 


Components Group, 
Industrial/Electronic Component Sales 


THE PLESSEY COMPANY LIMITED - liford - Essex - Telephone: liford 3040 


Overseas Sales Organisation: 
PLESSEY INTERNATIONAL LIMITED 


@ ec 
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=] 3-3 we) F 
4 WORLDS 


@ ELECTRONICS @ PNEUMATICS @ HYDRAULICS @ ELECTRICS 


Four separate worlds—but not at Armstrong Whitworth Equipment! Here they have 
been engineered into process control systems which are a logical step-by-step 
advance towards full automation. 

The application of modern servo-control techniques will improve the efficiency of 


most industries. 
Today's choice is no longer whether to accept or reject automation—but when and 
how to apply it. ‘Before your competitors...’ answers the first part. But expert advice 


is required for the second. 


For an up-to-the-minute approach to process control engineering write or call: 


ARMSTRONG WHITWORTH EQUIPMENT, Hucclecote, Gloucester. Tel: Gloucester 66781 


A UNIT OF SIR W. G. ARMSTRONG WHITWORTH AIRCRAFT LTD., MEMBER OF HAWKER SIDDELEY AVIATION 
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The above illustration shows a bottery of Auto- 

machines applying spade terminals to telephone cords SO ld e rl es S 
wiring 
devices 


GEC are one of the many leading British companies 
who use A-MP products on telephone equipment 


Close up of Automachine in 
operation 


TRADE MARK 


* Trade Mark of 
AMP incorporated, U.S.A 


Completed cord with 
terminals 


WRITE NOW ABOUT THE CREATIVE APPROACH TO BETTER WIRING 


AIRCRAFT-MARINE PRODUCTS (GT. BRITAIN) LTD. 


Head Office: Dept.14 , AMPLO HOUSE, 87/89 SAFFRON HILL, LONDON, E.C.1. 
Tel: CHAncery 2902 (7 lines) Telex: 23513 Cables: AMPLO LONDON TELEX. 
Works: Scottish Industrial Estate, Port Glasgow, Scotland 


SOUTH AFRICA: DISTRIBUTOR: E. 5. MOWAT & SONS (PTY) LTD. 51-57 MILNE STREET, F.0. BOX 437, DURBAN, NATAL, SOUTH AFRICA 
AUSTRALIA: MANUFACTURING COMPANY: AIRCRAFT-MARINE PRODUCTS: (AUSTRALIA) PTY. LTD. BOX 78 7.0. AUBURN, N.S.W. AUSTRALIA 

DISTRIBUTOR: GREENDALE ENGINEERING AND CABLES PTY. LTD. 43-51 NELSON STREET, ANNANDALE, W.S.W. AUSTRALIA 
ASSOCIATED COMPANIES IN: U.S.A., CANADA, HOLLAND, FRANCE, GERMANY, ITALY, JAPAN, PUERTO RICO AND MEXICO 


APIilé 
143 ELECTRONIC ENGINEERING 





Only Trangitron offers 


Here is another dramatic advance 


DIFFUSED MESA TRANSISTORS 
FOR EVERY POWER RANGE! 


... WITH ADVANCED PACKAGES, HIGH VOLTAGES, 
HIGH CUT-OFF FREQUENCIES, LOW Rc, AND BETA LINEARITY 


SMALL SIGNAL | MEDIUM POWER 
TRANSISTORS i TRANSISTORS 





| 
For low level switching and amplification. Replaces a4 To replace 2N339-343, with improved high 
2N332-2N338 with higher cut-off frequencies, frequency characteristics, good Beta linearity, 
lower Res, smaller sized TO-18 package, higher low Res, higher voltoge ratings (to |25 volts) and 


voltages, and greater reliability. greater power dissipation. 
Write for bulletin TE-1 353T/-1, -2, -3 Write for bulletin TE-1 355j-1 & TE-1355E-2 


INTERMEDIATE Ss 
HIGH POWER 


ii ie TRANSISTORS 
TRANSISTORS 





For power output stages, high power transistor For regulated power supplies and converter 
drivers, and serve amplifiers — replaces 2N1047-50 applications — replaces 2N/0/ 5-16, 2N/ 487-90 — 
Beta with low Res (typical -8 ohms) higher cut-off 


5 483-86 — offering low Res, 
linearity and voltage ratings to | A frequencies, and lower leakage currents. 
Write for bulletin TE-1 355R 


Write for bulletin TE-1 3555 


With these new transistors, Transitron offers improved performance and 
outstanding features in all power ratings from 100 microamps to 5 amps. Each 
functions in a wide operating range— permitting use of fewer types and simplifying 
equipment manufacture. All provide the ruggedness and reliability of mesa silicon 


construction and have high minimum switchback voltages guaranteed by specifications. 





tomorrow's solutions today! 


Research in depth—a new concept of applied technology—keeps Transitron 
not merely in the lead, technically speaking, but always at least one step 
ahead of the evergrowing demands of industry. It produces a constant flow of 
better and even more efficient materials. This, in turn, enables the Transitron 
Applications Laboratory in Europe to design circuits that answer any 
customer's specific problems. 

Transitron now offers the widest range of high quality silicon semi-conductors 
available—with a service that ensures prompt and speedy delivery wherever 


you are in Europe. 


Readily available from stock are many transistors including: 


SMALL SIGNAL MEDIUM POWER 


Reference Reference 
American British 


2N497 2S017 


American British 
2N332 25001 2N498 25018 
2N333 28002 2N656 25019 
2N334 2S003 2N657 25020 


2N335 25004 HIGH POWER 
2N338 2S005 2N389 2S012 


SN337 2S014 2N424 2S013 


WORLD’S LARGEST MANUFACTURER OF HIGH QUALITY SEMI-CONDUCTORS 


TRANSISTORS - DIODES - RECTIFIERS - SWITCHES - REGULATORS - REFERENCES 


oo 
mena y ron electronic {mite a 
(slimmgeol.m-lelll-| ames 4:1-lielcl al -lel-Velm@el.lelel. my,” > 


Telephone EALing 8042 
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AIRCRAFT ENGINE, INSTRUMENTATION, INDUSTRIAL AND GENERAL 
ELECTRONICS APPLICATIONS..THE MS SERIES CONFORMING TO MIL-C-5015D 


The MS and MS related series can provide connectors with the following characteristics :— 
High-temperature, vibration-proof, lightweight, environmental, radiation-resistant, potting, 
bulkhead, hermetically sealed, splashproof, waterproof. They are available with from 1 to 100 
contacts, 15 different insert diameters from 4° to 24”, over 260 contact layouts, 6 shell styles, 
current rating from 10 to 200 amps, working voltages from 200 to 50,000 volts AC. Contacts are 
precision machined from high quality copper, silver plated to ensure low contact resistance. 
All other components are manufactured to extremely high precision standards and provide the 
utmost in reliability. 


GENERAL CIRCUITRY AND INDUSTRIAL APPLICATIONS THE K AND RK SERIES 


A general purpose, rugged durable range, offering:— Acme coarse thread coupling; conduit or 
cable clamp entry, lightweight construction. Available with from 1 to 110 contacts, including 
coaxials, in eight different insert diameters from #” to 23°. There are 7 basic shell styles accom- 
modating more than 220 insert arrangements with current ratings of from 10 to 200 amps and a 
variety of voltage capacities. Contacts are brass, silver plated; Insulators of high quality phenolic, 
melamine or formica. Shells are cadmium plated aluminium alloy. Hermetically sealed types 
available with steel shells. An audio/video series is available in this range. 


UNIT-PLUG-IN RACK PANEL APPLICATIONS THE D AND DP SERIES 


This rectangular range of connectors permit rapid disconnection, interchange, replacement, 
testing and inspection of assemblies and sub-assemblies. Designed for “rack and panel" 
applications, both mating halves can be rigidly mounted, or one can be cord connected if required. 
There is a vast range available including hermetically sealed, pressurised and environmental 
types. 2 to 224 contacts can be provided in rectangular inserts ranging in size from yy" x 4" 
up to 22° x 44°, with a great variety of current and voltage ratings. 


AUDIO VIDEO AND LOW LEVE CIRCUIT APPLICAT N 


Six different ranges are available which can primarily be Jentified by their latch-lock coupling 
mechanism, a device which permits rapid positive engagement whilst preventing accidental 
disconnection of trailing cables. Rugged cylindrical shelis permit use under arduous service 
conditions. 1 to 18 contacts, with current ratings from 10 to 30 amps are provided in insert 
diameters 1° or smaller. 


MINIATURE AND SUBMINIATURE SERIES 


These ranges of connectors are already extensive but are continually expanding due to current 
weight-space limitations of modern flight. Designed for amplifiers, miniature indicators, computor 
circuits, telemetering equipment and general instrumentation. The majority of contacts are 5 amp, 
gold plated copper. From 3 to 54 contacts are obtainable with miniature coaxials in some series. — 
Vw 
l2(¢ a 





Rectangular or circular types. Maximum insert sizes are #° x 14%” for rectangular series and 1° 
diameter for circular. Hermetically sealed and environmental types available. 


STS 





RADIO FREQUENCY COAXIAL SERIES 


Ava lable in a wide range of Series and types including subminiatures, MB-SM, HN, N, BNC. 
The latest development is the new aluminium series of R.F. connectors and adapters designed 
for use with semi-flexible aluminium sheathed cables, where weight saving is a critical design 
criteria. Currently available are types TNC. N, C, SC, LT and LC plugs and jacks. 


OTHER SERIES AND APPLICATIONS 


Cannon Electric International inc. also has available connectors for the tollowing applications :— 
Guided Missile Launching, Battery and Power Supply, Laboratory and Switchboard, Printed 
Circuit, Manometer air line, Buffet and Aircraft Galley. in addition there are comprehensive 
ranges of AC and DC Solenoids, and “Kwik-Term" Subminiature, feed-through and stand-off 
terminals. A brand new development is the “Morpho"—a multi-pin, modular connector of 
hermaphrodite construction. Has crimp contacts. Is ideally suitable for commercial applications 
where space ease of wiring and neat external appearance are critical factors. 


Largest facility in the world for CAN bh | i 
PLUG RESEARCH DEVELOPMENT MANUFACTURE 


CANNON ELECTRIC (Great Britain) LTD. 168/172 OLD ST - LONDON £E.C.1 - Tele: CLErkenwell 4954 PL t S 


or, for all European requirements to :— 


79 BOOMSTRAAT, BORNEM, BELGIUM. Teleohone ANTWERP 770614 es = =—e 
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“DIMENSIONLESS”’ 
UNBONDED 
STRAIN GAUGE 
TRANSDUCER 


ACCURACY 44, 4 . Pa PRESSURE 
OPERATING u ABS Gauge 
TEMPERATURE UP 7 So Absolute and 
TO 600°F. Differential 


TEMPERATURE COEFFICIENT 
UNCOMPENSATED BETTER THAN ACCELERATION 
0-005°, PER DEGREE F. 


“RUGGEDISED” INDUSTRIAL 


* TENSILE LOAD 


MODELS AVAILABLE 
HIGH FREQUENCY RESPONSE 


1961 


* COMPRESSIVE LOAD 


Manufactured under exclusive license from Statham Instruments Inc. Los Angeles, U.S.A. 
under one or more of the following Statham patents 828,820, 212,554, 58,138, 2,642/56 


by 
J. LANGHAM THOMPSON LTD. — 
BUSHEY HEATH - HERTFORDSHIRE - ENGLAND 
Telephone: Bushey Heath 2411 (6 lines) Grams & Cables: “Tommy Watford” 
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2N337 | 2N338 | Units 
TYPICAL 









[a POWER DISSIPATION 
el ESERIES COLLECTOR TO BASE VOLTAGE 
At CUT-OFF FREQUENCY 

COLLECTOR CURRENT 
Cc CURRENT GAIN SPREAD 


25 





Full data sheets and prices available from: See us at our STAND No. 468 at the R.E.C.M.F. Show 


THOMSON: J WOUSTON 


DEPARTEMENT SEMICONDUCTEURS 















M.C.P, \/ Station Wharf Works 
| Electronics ON Alperton 
iv 


Limited Middlesex 


Telephone WEMbley 1191 
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wea FOR HIGH PERFORMANCE 
COMPUTER GIRGUITS 
specify 


a a STAND No. 499 


diodes se 


EXHIBITION 
ae — ie OLYMPIA 
Hughes HS11 series are alloyed junction siliconcomputer diodes, 
operative over wide temperature ranges and characterized by 
fast recovery time. 
Made in Glenrothes, Scotland, the Hughes range of silicon and 
germanium diodes are subminiature devices with extremely 
stable electrical and mechanical characteristics. These diodes 
are specially designed and constructed to meet the most exacting 
requirements of military or commercial applications. They are 
double wire ended and fusion-sealed in a subminiature one- 
piece glass envelope to ensure complete isolation of the active 
elements from damage or contamination. The small size, 
combined with rigidity of construction and small mass of the 
elements, enable them to withstand successfully physical shock 
and vibration. 











OUTPUT 


Qualified engineers in our Research and Development 
laboratories at Glenrothes are available to help with your 
Smyp SEC a application problems. 


DELAY _O-tp SE Home and Overseas enquiries to: 


|! HUGHES INTERNATIONAL (U.K.) LTD 


Hs canes: casa ceca es ns ci ss ile dine sip Sis ee cae mn enn ine ss el sien. ine Sa ine il aaa aio 


KERSHAW HOUSE, GREAT WEST ROAD, HOUNSLOW, MIDDLESEX - HOUNSLOW 5222 
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BIGGEST CAPACITANCE 


smallest size: WIDEST 
TEMPERATURE RANGE IN 
ELECTROLY TIC CAPACITORS 








| Plessey | TANTALUM ELECTROLYTIC CAPACITORS 


THE PLESSEY COMPANY LIMITED ~- Components Group 





Chemical and Metallurgical Division 
Wood Burcote Way - Towcester - Northants - Telephone: Towcester 312 
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PRECISION 


SHOLFANAG AKO) 


5 


VOLTS 








R.M.S. MILLIVOLTMETER JM 1067 


VOLTS A ¢ 





PRECISION A.C. MILLIVOLTMETER VF 252 


A. C. Millivoltmeters 


TRUE R.M.S. READING OF 
COMPLEX VOLTAGE WAVEFORMS 
—ON A 5’ LINEAR SCALE 


m 3mV to 300 V f.s.d. Range 

m Accuracy + 2% 

m 0.1 c/s Low Frequency Limit 

m Neon Overload Indicator to ensure accurate readings 
m Silicon Diodes throughout 


PRECISION R.M.S. MILLIVOLTMETER JM 1067 measures the true 
r.m.s. value of non-sinusoidal waveforms as well as normal sinu- 
soidal inputs. It uses D.C. operational amplifiers and diode function 
generators to perform the ‘squaring’ and ‘square-rooting’ operations 
for true r.m.s. readings. 


SPECIFICATION 


Voltage range: 0-3 mV to 0-300 Vr.m.s. in eleven ranges. 
Accuracy 2% of f.s.d. 

Frequency range 0.1 c/s—10 kc/s. 

Input impedance: 1M2 


Outputs: Amplified Signal of + 50 V max.) Available on the 
R.M.S. output of Oto —50 V d.c front panel 
R.M.S./Mean Switch: Allows measurement ofr.m.s. or rectified mean values. 


Smoothing: 4 smoothing time constants to suit input frequencies. 


FOR AUDIO AND CARRIER 
SINEWAVE APPLICATIONS 


m 1.5 mV to 150 V f.s.d. range 


m Accuracy + 1% f.s.d. 

m 10 c/s—100 kc/s frequency range 

m dB scales for response measurements 

m Input Z of 30M or1:1 isolating transformer 


Clear and accurate readings of small signal inputs given on a 6” 
scale, covering a frequency range 10 c/s—100 kc/s. The wide dB 
range—80 dB to +34 dB (referred to 1 volt) makes the VF 252 an ideal 
instrument for accurate frequency response measurements on 
amplifiers and filter networks. 


SPECIFICATION 


Voltage range 0-1.5 mV to 0-150 V f.s.d. in 9 ranges and 10:1 attenuator, 
dB scales 10to +14dB and —20to +4 dB. 
Frequency range: 10 c/s—100 kc/s. 
Accuracy: 1% t.s.d. at 1 kc/s. 
Input Z: 30M shunted by 30 pF. 
Alternative Inputs 
Input Attenuator (1M): 
Isolating Transformer: 


10:1 ratio. 
1:1 ratio (Primary Inductance 50H), 


Write now for full details to: 


SOLARTRON LABORATORY INSTRUMENTS LIMITED 


Cox Lane, Chessington, Surrey 
Tel: LOWer Hook 2150 - Cables: SOLARTRON CHESSINGTON 
Telex: 23842 SOLARTRON CHESS. 
FS A Member of the Firth Cleveland Group 
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new gilcoset rubbers 
from 1.6.1. 


1.C.1. announces the addition of two new 
‘Silcoset' rubbers to its range of 


room-temperature-curing silicone rubbers. 


‘Silcoset’ 103 is a white solvent-free paste 
suitable for use where absence of colour 
is important—in applications concerned 


with foodstuffs, for example. 


‘Silcoset’ 104 is a thixotropic solvent-free 
paste of particular value in caulking 

and sealing applications. 

Both ‘SILCOSET’ 103 and ‘SILCOSET' 104 
cure at room temperature to resilient silicone 
rubbers, after a curing agent has been added. 
1.C.. offers four curing agents: A—standard; 
B—slow; C—non-toxic; D—fast. 

‘Silcoset’ rubbers are being used for potting 
and encapsulating electronic parts, ‘in situ’ 
coating of conveyor belting, replacement 
parts in surgery, flexible moulds for resin 
casting, e.g., model-making. 

‘Silcoset’' rubbers may be just what you've been 
waiting for. Find out more about them—write 


to your nearest I.C.I. Sales Office or to: 


IC] SILICONES 


IMPERIAL CHEMICAL INDUSTRIES LTD., 
LONDON S.W.1 
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Varley 


British made... 
ico) ma lelale minis 
Valemm el=)ai=1o mere)alt- (er! 


Type V.P.2. 0.75’ « 0.96” 

Panel height 1.175” (with socket 1.35”) 
Type V.P.4. 0.75’ « 1.18’ 

Panel height 1.175” (with socket 1.35”) 
2 or 4 pole changeover (other contact 
arrangements being developed) 
Operating voltages: 6-138v D.C. 
Operating times: 34 to 74 milliseconds 
Operating life: in excess of 

10° operations. 

Contact ratings: 1 amp at 100v. 
Maximum watts: 30. 

Contact material: fine silver and 
gold alloy. Other contact 

materials will be available later. 
Plug-in and fitted with dust 

cover (Printed circuit 

socket later). 
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modulation meter- 


a wide frequency range? 
The 210 has a range of 2.25 to 300 Mc/s, which may be extended to 600 
Mc/s with reduced sensitivity. 


accept both A.M. and F.M. signals? 

The 210 provides direct measurement of both types of modulation. On 
the A.M. range it measures 0 to 100°, peak and trough modulation 
relative to the mean carrier level; on the F.M. range it measures positive 
or negative peak frequency deviation from the mean carrier frequency in 
four ranges—0-3 Kc/s, 0-10 Ke/s, 0-30 Kc/s, and 0-100 Kc/s 


cater for low signal input levels? 
The 210 will measure the following inputs 
AM 7 mV to 700 mV 
FM 7 mV to 10 V (3-100 Kc/s) 
50 mV to 10 V (0-3 Kc/s) 


see what is happening? 

The 210 provides monitor outputs of both L F and I F at terminals on 
the front panel. The I F output is at 750 Kc/s and allows the modulation 
envelope of the input signal to be observed on an oscilloscope. 


easy to operate? 
With the 210 you tune, set meter level, select the quantity to be meas ured 
and read off the answer directly on the meter. 


Send for fully descriptive literature 


F@raritiey (102he 10050 ings... better 


AIRMEC LIMITED - HIGH WYCOMBE - BUCKS - TEL: HIGH WYCOMBE 2501/7 
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SECONDARY (A) SECONDARY (B) 
CATALOGUE RATING (AMPS) RATING 
No a VOLTAGE 
RMS. OR RMS nite pao es 
D.C. CHOKE R.M.S. CURRENT 


1 to 24V 


40mA 

Steps) | 40mA 

250V. (SOV. Steps) 40mA 
| 

0-250V. (SOV. Steps) | 40mA 
| 


0-250V. (SGV Steps) | 40mA 


| 


0-250V. (SOV. Steps) 40mA 


Catalogue Approx. D.C 
Number Resis. Ohms 


40mH 0-62 
60mH ; 


15mH 
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P.4 Rotary Packet Switch fi @ 
arranged for panel and base ' 
mounting with machine type 


Packt 


Quick make and break action 
Simple design . Robust construction 
Minimum panel space required 
High rupturing capacity 
Available in a wide range of ampere ratings 


Multi-switching cuts cost 


P.4 SERIES QUICK DELIVERY 


Maximum Non-Reactive Ratings 
30/35 Amps 250vAC/DC 20/30 Amps 440v AC/DC 
15/25 Amps 600v AC/DC LIST R.P.2. 


Write TODAY for a copy of 


ARROW ELECTRIC SWITCHES LIMITED - BRENT ROAD - SOUTHALL - MIDDLESEX 


A/31 (REV) 
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HAVE YOU A 
TEMPERATURE 
PROBLEM? 


Then let STC advise 
on the use of a 
suitable thermistor 











The use of STC thermistors as electrical thermometers includes a 
range of applications as diverse as the measurement of soil, water 
and air temperatures, the measurement of bearing temperatures in 
THERMISTORS ARE large machines and certain medical measurements where, for ex- 
ample, thermistors are specially constructed for insertion into 


FAST hypodermic needles. 


At your disposal, and backed by 20 years’ experience of thermistor 

ACCURATE manufacture, is a wide range of types suitable for temperature 
measurement, control and compensation. 

Consult leaflet MK/140 which contains summary information on all 

STA e L E types in the standard range, or contact the Transistor Division for 

guidance on your particular problem and for details of non-standard 


ROBUST types. 


Standard Telephones and Cables Limited 


/ COMPONENTS Registered Office: Connaught House, Aldwych, London W.C.2 


oe TRANSISTOR DIVISION: FOOTSCRAY - SIDCUP: KENT 
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_ For general laboratory use 


employ 


TEST EQUIPMENT 


VIDEO OSCILLATOR TF 885A I 
being used, in conjunction with Oscillo- 
scope TF 1330 and Vacuum Tube Volt- 
meter TF 1041B, to investigate the L.F. 


The Marconi Video Oscillator TF 885A/1 is one of response of a T.V. set video amplifier 
many types of Marconi instruments employed by the ' ps — 
ween th. General Electric Company at their Coventry stage in the laboratories of the G.E.C.’s 
laboratories. The Video Oscillator is a wide-range Radio & T.V. Works, Coventry. 

(2§ c/s to 12 Me/s) standard test signal source for 
general laboratory use. Its calibrated attenuator 
facilitates accurate gain or loss measurements on active 


or passive networks, and the purity of the output 
waveform permits the instrument to be used for such 
measurements as amplifier linearity and intermodula- 


tion. Full details of this versatile oscillator, and 


information about other Marconi instruments that | he zg T R U pot E in] T g 
interest you, will gladly be sent on request. Please 


ask for Leaflet J 187. 


THE INTERNATIONAL CHOICE FOR ELECTRONIC MEASUREMENT 


AM & FM SIGNAL GENERATORS * AUDIO & VIDEO OSCILLATORS * FREQUENCY METERS * VOLTMETERS * POWER METERS * DISTORTION METERS 
TRANSMISSION MONITORS * DEVIATION METERS * OSCILLOSCOPES, SPECTRUM & RESPONSE ANALYSERS * Q METERS & BRIDGES 





London and the South Midlands North 
English Electric House, Strand, W.C.2 Marconi House, 24 The Parade, Leamington Spa 23/25 Station Square, Harrogate. 
Telephone: COVent Garden 1234. Telephone: 1408 Telephone: 67455 


Export Department : Marconi Instruments Ltd., St. Albans, Herts, England. Telephone: St. Albans 59292 
REPRESENTATION IN 68 COUNTRIES 
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HIGH TEMPERATURE 
FOIL TYPE 


(POLAR AND NON-POLAR) 


Designed to withstand conditions of 
high temperature and high vibration. 
Temperature Range: -40 to+ 125°C. 
Voltage Range: 6 to 100V. d.c. 
Capacitance Range: 0.2 to 200.uF. 





STANDARD 


STANTELUM | rues 
(POLAR AND NON-POLAR) 


Type approved to R.C.S.134B 


TANTALUM 
‘ Temperature Range: 


40 to + 85°C. 


ELECTROLYTIC fy Voltase Rane: sav. ac 
CAPACITORS : 


Capacitance Range: 
0.15 to 200 uF. 








SOLID TYPE 


(POLAR) 


Sintered Slug and solid elec- 
trolyte construction. 


Temperature Range: r 
55 to + 85°C. 





Voltage Range: 
6 to 35V. d.c. 


Capacitance Range: 


ee ne | MINIATURE 
FOIL TYPE 


(POLAR) 








A foil type tantalum capacitor 
in its most economical form. 
Temperature Range: 
25 to +70°C. 
Voltage Range: 3 to 25V. d.c. 
Capacitance Range: _ 

STC manufacture a full range of 1.5 to 164F. 


tantalum electrolytic capacitors. 


Write for Data Sheets to: 


GA Standard Telephones and Cables Limited 


7 COMPONENTS 
[(~ GrouP Registered Office: Connaught House, Aldwych, London W.C.2 
CAPACITOR DIVISION: BRIXHAM ROAD: PAIGNTON- DEVON 
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© PRODUCTION 


"3 
; 
} 


v—_— — 








RELAYS 


For Informative Switching 
and Power Handling 


TIMERS 


Electronic Process Timers for 


DELAY RELAYS Automation 


Efficient, Compact, 
Economical 


HILTON ELECTRIC CO+LTD ~ CHURCH ST + WOLVERHAMPTON + Phone 22783 








MINIATURE STABILISED 


POWER UNIT 


TECHNICAL SPECIFICATION 


Mains Input : 200-250v AC 

Outputs : Two 4-pin sockets 

Output DC Current : 0-100 mA shared between sockets 
Output DC Voltages : 150v 200v 250 

Regulation : 015% 0°025% 0-025%, 

Voltage stabilization Ratio : 0-1/5 0-075/5 0-075/5 

Ripple : Less than 0-4mv RMS on full load 
AC Output : 6°3V, 2A at each socket 

Size 2 SH x 5e" x 54° PAMPHLET No. 1241b ON REQUEST 
Weight : Approximately 9} Ibs 

Delivery : Early delivery can be given 


Other voltages within the range 150-250v can be supplied to order. 
By means of simple links, one unit can provide any one of three output voltages. 


BARR & STROUD LTD. ctor once vinmsira tome, | Pat Ma fae, 
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VEROBOARD is the universal wiring board 
that combines all merits of the printed 
circuit technique — without the expense! 
Simplicity, speed, cheapness, and relia- 
bility are the direct results of the vERo- 
BOARD principle: standard pitching of 
standard-size holes on a resin-bonded 
laminate board backed by bonded copper 
continuity strips. 

The following assembly aids and acces- 
sories are offered to speed and simplify 
the assembly of VEROBOARD circuits even 
further; and to provide even better 
service in use. 


Numeral tape (self-adhesive) for fast, accurate reference 
to positions On VEROBOARD. 1-90 for 18” boards and 
1-30 for boards up to 6”. Part Nos. VB 3021 and VB 3022 


Component Jig for bending wire terminations accurately 
to fit VEROBOARD matrix. Part No. VB 3031 


Plastic Handles for plug-in vEROBOARD card circuits. 
Part Nos. VB3051 (black) and VB3052 (red) 


Jumper Links of tinned copper wire for cross connections 
between bonded copper backing strips on VEROBOARD. 
Part Nos. VB 3061 (0:2”) and VB3062 (0-4”) 


Semiconductor Holders for mounting transistors, etc. 
with plug-in contacts on 0-2” matrix. Part No. VB2011 
and VB2012 
Valveholder Templates for drilling holes at correct pitch 
and location on VEROBOARD. Part Nos. VB 3041, VB 3042 
and VB 3043 
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Fast, simple, low-cost circuit assembly 


Extruded Edging in light alloy for strengthening vero- 
BOARD panels. Part No. VB3091 


Plug-in Panels: 4:8” < 5-8” vVEROBOARD, gold-plated at 
one end for use with edge connectors. Part No. VB 2001 


Spotface Cutter to make a clean separation where neces- 
Sary in copper backing strip. Part No. VB3011 


Design Sheets on high quality tracing paper for designing 
circuits ON VEROBOARD and for producing workshop 
prints. Part Nos. VB3071 (18”) and VB3072 (6”) 


Varicon Connectors which can be used as single point 
contacts or in rows to form connections between 
VEROBOARDS. Available in strips of 20. Part No. VB 3081 
(in line and VB3082 (right angle). 





Notching Tool for Extruded Edging to enable it to be mitred 
for making corners and for slotting to take VEROBOARD panels. 
Part Nos. VB3101 Press, VB3102 Mitre die set, VB 3103 
Slotting die set. 

VEROBOARD Kit contains supply of veRoBOARD and 
accessories. 


cr 
oar 


MAY 











is a product of VERO Precision Engineering Ltd., South Mill Road, Southampton. Telephone: 71061/4 
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Shot Blasting 


where you want it- 
when you want it 


Guyson give you versatile Light Industrial 
Shotblast Cabinets. These virtually  self- 
contained units can be easily moved to any part 
of the production line, to clean, de-scale or 
matt-finish components in metal, glass, plastics, 
ceramics, etc., saving valuable time. The biast 
gun, operating at pressures from 30-150 p.s.i., 
will handle abrasives of all kinds from ‘fines’ to 
20 mesh, and special grains for the latest de- 
flashing techniques on plastics, or metal 
sheening processes. The Guyson range of 
machines gives you a wide choice of Bench 
Models, Floor Models, Sit-Down Machines, etc., 
covering all phases of light industrial shotblast 
requirements. Why not send for Bulletin 


coren tiprerecnacs Guyson: 
Mlustrated is the Model 400/20. 
See us at the GUYSON INDUSTRIAL EQUIPMENT LTD., 


HA - Stand 
Halle 8 North (G0 rome ~ NORTH AVENUE, OTLEY, YORKS. Tel: OTLEY 2456. Grams: ‘GUYSON OTLEY’ 

















CORES 


We specialise in the large scale 
production of all types of 
miniature toroidal coils wound 
on cores down to 50/1000’ 
diameter (as shown below). 

















50/1000" OUTSIDE DIAMETER 


Actual-size photograph show- 

ing one of our small ferrite 

ring cores mounted on glass 

base and encapsulated in resin. 

This particular core carries four 

windings of 20, 10, 10 and 5 

turns of 48 s.w.g. enamelled In addition to the manufacture of coils and components 
wire. we undertake the assembly of complex equipment 

Coils such as these are manu- such as this unusual Matrix Store for a 100-channel 


: ; ; Analyser shown above. 
seeigaine read New- (As supplied to A.E.I. Ltd., Instruments Division) 


: NEWPORT INSTRUMENTS (Scientific & Mobile) LIMITED 
Please write for full details 8, CRAWLEY ROAD, NEWPORT PAGNELL - BUCKS ~- ENGLAND 
Telephone: Newport Pagnell 401/2 
EE 33 170 for further details 
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Decca Type 3000 Twin Tape Unit 


DECCA use 


‘of these 


... and each one of these extremely intricate, accurately 
machined castings represents three completed processes 
— an excellent example of the advantages and savings 
which can be gained by employing the combined 


Machined aluminium resources of Kent Alloys Limited. 
alloy assembly frame. 





Kent Alloys Limited are equipped to supply fully 
precision CAST machined castings in the following materials: 
aluminium, magnesium, copper based alloys and cast iron 


MACHINED 


[2 
PAINTED YW KENT ALLOYS LIMITED 
— ROCHESTER + KENT + TELEPHONE: STROOD 7674/7 
: Member of the Birfield Group 


UNDER ONE 
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vor iy measurements in 5 directly calibrated ranges 


ot ’ 


Incorporating built-in Crystal Controlled Source 
and Detector, the Hatfield LEI00A R. F. Bridge 
also measures any three terminal network. 

Price £158 
Transistor Adaptors and Low-Impedance Adap- 
tors availabie shortly. 


The wide range of high quality Hatfield 

Instruments includes: 

@ Stabilised D.C. Power Unit. 

@ D.C. Amplifier @ A.C. Power 
Supplies. 

@ R.F. Variable Attenuators. 

@ Coaxial Switches @ Valve Milli- 
voltmeter. 


@ Balanced Crystal Modulator. 
INSTRUMENTS LTD 





Write for fully illustrated colour brochures First with Wide Band R.F. Transformers 


Dept. EE, BURRINGTON WAY, PLYMOUTH, DEVON Telephone: Plymouth 72773 Telegrams: Sigjen Plymouth 





i the 


original 


a + 
i ly-adjustabl 
ZENIT he riac continuousl y-adjustabie 


Rep. Trade Mork autotransformer 





Reg. Trade Mark 


This model, rated at 4.2 kVA, gives a voltage 
range of 0-270 volts at 15/17.5 amperes from a 240-volt 
supply. 


A compact design weighing only 50 Ib., it can 
be supplied in open form for panel mounting, ganged, 


motorised and oil immersed when required. 


May we send our Catalogue VAR. 5 giving 


further details of this and many other models. 


with the 
Exclusive 


Duratrak 


Reg Trade Mark. PAT. ee3e00 


Contact Surface 


Model ‘V30-HM”’ 


THE ZENITH ELECTRIC COMPANY LTD. 


ZENITH WORKS VILLIERS ROAD WILLESDEN GREEN LONDON N.W.2 


Telephone: WILiesden 6581-5 Telegrams: Voltaohm, Norphone, London 
MANUPACTURERS OF BELECTRICAL EQUIPMENT INCLUDING 
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miniature 
wafer 
rotary 
switch 


SMALLER 
THAN 


a half-penny 


This entirely new switch, developed by NSF—OAK, brings far greater flexibility and 
reliability to “miniature” circuits. Available in single or multi-bank with provision for 18 
contacts per wafer. Printed circuit or conventional soldering tags according to application. 
Write for Engineering Bulletin No. 9. 


& Licensees of Oak Manufacturing Co., 
== Chicago, U.S.A. 


‘The Switch People’ 


NSF LIMITED: KEIGHLEY: YORKS 


A Member of the Sima Grouo of Companies 


SALES OFFICE: 31/32 ALFRED PLACE, LONDON, W.C.7 Telephone: LANgham 9561 
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| 
XS2 Dry Reed Relay Insert 


A gold-plated relay contact her- 
metically sealed in inert gas for 
absolute reliability, high speed and 
low contact bounce. 





Maximum current 20 mA 
Maximum resistive load 15 W 

Maximum closed resistance 50 mQ 
Minimum open resistance 5x10" 











Nominal operate ampere turns 120 AT : : 
Nominal release ampereturns 60 AT Our Technical Service Department 


Operate time less than 2mS is ready to provide further details 
Bounce time less than 0.5mS 
Release time less than 0.5mS 


HIVAC LIMITED 


A member of the Automatic Telephone & Electric Group 


STONEFIELD WAY - SOUTH RUISLIP - MIDDX - Telephone: ViKing 1288 


of characteristics or application. 





DRR 





The Flamemaster 
hand torch 


FLAMEMASTER is a registered trade name of STONE-CHANCE Ltd 


The Stone-Chance FLAMEMASTER Is now distributed only by 

Buck and Hickman Ltd. 

This famous little tool remains unchanged in design and is 
invaluable for all glass working, metal brazing and soldering. It is 
made and wil! continue to be made by Stone-Chance, but your 
enquiries and orders should now be addressed to :— 


BUCK & HICKMAN LTD. 


2 Whitechapel Road, London, E.! 
also at Birmingham, Bristol, Glasgow, Leeds and Manchester 


Stone-Chance Ltd., Schomberg House, 82 Pall Mall, London, S.W.! 
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Absolute 
PRESSURE SWITCH | 


SPECIALISTS“ 


+ . 


for HIGH TEMPERATURE STABILITY 
LACK OF ‘GREEP’ - ZERO WATER ABSORPTION 


FLUOROSINT is a filled P.T.F.E. of unique plastic composition developed by Polypenco Ltd. 
7 to improve the mechanical and thermal properties of T.F.E. without materially affecting its 
excellent chemical and electrical characteristics. FLUOROSINT is machineable to close tolerances, has a 
water absorption rate of zero, a coefficient of thermal expansion similar to aluminium—thereby 
eliminating problems of fits and clearances of parts on thermal 
cycling. FLUOROSINT has exceptional wear characteristics, out- 
standing chemical resistance—and is available in Rod, Tube, Tape 
or as fabricated and moulded components. Complete technical data 
and information on all industrial applications are readily available 
on request. 


Clifford Edwards Ltd. of Hove, Sussex, incorporate support 

pillars, spacers and washers machined from FLUOROSINT 
Rod in the production of Absolute Pressure Switch, ref. TP.5658 Pre SA hot ED 
—designed primarily for aircraft fuel warning systems operating at POLYPENCO LIMITED 
very high altitudes. The pressure setting range is 1-50 p.s.i. absolute: Tewin Read. 


temperature range —50°C to +100°C. The switch is evacuated to Welwyn Garden City, Herts. 
1 mm. of mercury. Telephone: Welwyn Garden 5581-4 
NORTHERN OFFICE: 
117 Swan Arcade, Bradford, Yorks 
Telephone: Bradford 32073 


FLUOROSINT is a trademark of Polypenco Ltd, and is a material produced by a patented Associated Companies in U.S.A., 
process. France and Germany 


TRADE MARK 
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The production of semiconductors and of intermetallic compounds for thermoelectric 
devices has resulted in a demand for very high purity metals. To meet these 
developments, The Consolidated Mining & Smelting Co. of Canada Ltd., is producing 
the following metals to purities of the order of 99.9999% : 


BISMUTH * CADMIUM °* INDIUM * LEAD « SILVER «+ ZINC 


NAO Sk 
SMAI 


+ 
+a 


These ‘“‘TADANAC” Brand metals are available in the United Kingdom and Europe from 


HENRY GARDNER 


AND COMPANY LIMITED 
2 METAL EXCHANGE BUILDINGS * LEADENHALL AVENUE * LONDON °: E.C.3 
Telephone: MANsion House 4521. 


whose Technical Service Department, backed by the full resources of the producers’ 
Research Division, will welcome enquiries. 


WN 
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aX 
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gives you facts in figures x 


VEEDER-ROOT LTD 


Division W King Henry’s Drive, New Addington, Surrey 
Cables: Veedermeta Croydon 
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Electronic Engineering 


Technology 


‘ 


TRAIN with C.R.E.I. 


WHO C.R.E.I. ARE 


C.R.E.I. (The Capitol Radio Engineering Institute) was founded in America 34 years ago. It is 
well-known for its residential college in Washington and also for its unique procedures in offering 
students unable to undertake full-time study an equivalent education conducted in their own 
time and at their own pace. Many of the leading electronics engineers in American Industry and 
in the American Services are C.R.E.I. trained. At this moment over 20,000 students in the United 
States alone are taking C.R.E.I. home study courses. 


C.R.E.1. HOME STUDY COURSES ARE NOW AVAILABLE FROM GREAT BRITAIN 


Accepted in the United Kingdom for part refund of fees to members of the three Services, C.R.E.I. 
courses offer serious-minded students determined to further their careers the following distinct 
advantages: 


1. Through step-by-step tuition by highly-qualified tutors possessing up-to-the- 
minute knowledge of technological development and industrial requirement. 


2. Courses that are being continuously revised to keep pace with technological 
advancement—in this way the inevitable out-of-dateness of text books is avoided. 


3. Individual tuition. The ‘relationship’ between student and tutor isa personal one 
in the sense that the student’s individual requirements and progress are taken into 
account, throughout the course. There is no question of proceeding at the rate of 
a class. Your ‘class’ with C.R.E.I. consists of one person—you, 


OPPORTUNITY is boundless — for the qualified 


C.R.E.I. courses call for hard work and personal discipline, essential 
requirements for a successful career. C.R.E.I. qualified men are able to do 
more important work with accompanying rewards. 





C.R.E.!1. Courses are If you have at least two years practical erperience in electronics ora 
available in: suitable educational background, fill in this coupon now for full 
details of C.R.E.I. courses, methods and achievements. 
® saturn TO: C.R.E.1. (LONDON), (DEPT. EE.1) GRANVILLE HOUSE, 
132/135 SLOANE STREET, LONDON, 8.W.1. 
(II) Mathematics for 


Electronic Please send me (for my information and entirely without obligation) full details of the 
Engineers Educational Programmes offered by your Institute. 





(III) Automation NAME . sciticiieninninimemiasiad 
(IV) Radar ADDRESS 


(V) Servo Ae ares karen casemate 4 
ELECTRONICS EXPERIENCE... 
(VI Nuclear Engineer- 


ing Technology 
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BERYLLIUM COPPER 


(Delivery: Generally Ex 
Stock, Redditch Works 
or London Office). 


An ideal Electronic Component 
and having a wide range of 
applications in Industry. 


Beryllium Copper “Wavey” Washers, for Electronic Com- 
ponents, Range 10 BA to }?” B.S.F. Corrosion-resisting, 


-damaging t ts, high ist f “set”, 
higher recovery of load, permanent spring action. They LEAVE IT TO 


are fabricated from Beryllium Copper, heat-treated to 
VPN.350 minimum, Electro Plated to DTD.924, Cadmium {-]1/f } fA 
mg to sa and Passivated to nh a (A.1.D.). 
so suppli lear Passivated (commercial quality) Silver 
Plated, Self Colour or to customers’ specification. Samples OF REDDITCH 
and price lists on request. SPRINGS, PRESSWORK., 
AND WIRE FORMS TO 


Send 2/6 P.O. for our 40 page booklet on spring design with full technical date. It is ean FINE LIMITS 
invaluable reference for your design department 


THE LEWIS SPRING CO. LTD., REDDITCH. London Office: 122 High Holborn, W.C.1. 





STABILISED D.C. POWER SUPPLY UNITS 


Chokeless, Open-Chassis 
Type. 
Electrolytic Capacitors 


D.C. OUTPUT: Four sizes available, 100 mA output 
+150v, +200v, +250v, +300v, pre-set 
by an adjustable internal potentiometer. 

STABILITY: With mains variation +10%, <0.06%. 

RIPPLE: <2mV R.M.S. 

A.C. OUTPUT: 2x6.3v 3A centre tapped unstabilised. 

INPUT: 200/250v in !0v steps 50/60 c.p.s. 

TRANSFORMER: Open type ‘‘C’’ core to R.C.S. 214 by 
FRASER SPELLER TRANSFORMERS 
LTD. 


DIMENSIONS: 78” x 54” x 64” high. 


Non standard voltages can be supplied if required. 
Prices are extremely competitive and special discounts are offered for quantities. 
Write for detailed List No. 1453_which will be posted by return. 


FRASER, SPELLER TRANSFORMERS’ LIMITED 


Electronics Division, Sydenham Road, Sydenham, London, S.E.26. 
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BRT. 455A 
Two Spot Frequency 


150 watt H.F. TRANSMITTER 


This extremely reliable high- 
frequency transmitter is ideal for 

Oil Companies, Posts and 
Telegraphs Departments, 

Police Forces etc., and is suitable for 
service under widely varying 
climatic conditions. 
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Arranged for both speech and telegraph signals. 
Separate R.F. Units with pre-set controls. 





Crystal control between 2 and 16 Mc/s. 
Up to 150 watts R.F. output. 


V.F.O. for emergency operation. 





Built-in 1000 c/s tone oscillator. 
Excellent speech quality. 


Remote or local control. 


Fully tropical. 
Ensure a high performance 


from your system by using Price (incl. control unit, telephone, and telegraph key) £600 F.O.B, 
G.E.C. BRT.400 receivers, 


ELECTRONICS DIVISION 
THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND 
LOWER FORD STREET, COVENTRY, ENGLAND 

GEC 33 
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LEVELL| PORTABLE TRANSISTOR INSTRUMENTS 
TRANSISTOR TESTER tree 1ms 


Measures the current gains of PNP and NPN transistors, the values 
of resistances, and the leakage currents of diodes, transistors, and 
low voltage electrolytic condensers. 

Collector Current Ranges : 0.5, 5, 50, 500 mA 

Current Gain Ranges : 100, 250, 500 

Resistance Ranges : 0-50k Q, 0-500k Q 


Price with batteries : £17.0.0 


MULTITESTER tree rm 


Transistors and transistor circuits may be tested with this instrument. It contains a transistor | kc/s oscillator and a sensitive transistor A.F. 
voltmeter of 15OmV f.s.d. The A.C. current gains of PNP and NPN transistors may be measured at D.C. currents from 0.5mA to 0.5A. Provision 
is also made for measuring the leakage currents of transistors, testing diodes and resistances, measuring D.C. and audio voltages and the 
oscillator output. Price with batteries £33. I 6 


A.C. MILLIVOLTMETER tree te20 
$v. ca 


Measures 50uV to 500V on 12 ranges from |.5mV f.s.d. Response RMS : ia Owe die aa . 
+3dB from 6c/s to 250kc/s, +0.1dB from 30c/s to 30kc/s. 
Input impedance 1.8M Q and 20pF on 1.5V to 500V and 0.5M Q 
min. and 65pF max. on |.5mV. Output for C.R.O. Gain up 
to 80dB available as amplifier with 2V output. Low noise level. 
Low microphony. No hum, Price with batteries: £36.0.0 


LEVELL ELECTRONICS LTD. 


10-12, ST. ALBANS ROAD, BARNET, HERTS. BARnet 5028 




















of wire-wound 
RE Sire of 


components 
IMPREGNATION P 
under vacuum 


N.G.N. new ‘Resin-impregnating Plant’ not only ensures 
better and far more thorough impregnation of all types 
of wire coils—its faster cycle of operation, coupled with 
carefully designed thermostatic control of vessels and 
pipework, plus full bore resin transfer valve, all combine 
to speed output while reducing costs. 


Work chamber is evacuated to 1 micron Hg. to degas and 
dehydrate components which are then impregnated under 
a pressure of 80 Ibs. p.s.i. 


Surplus impregnant is completely recovered. Absolute 
reliability, both as regards thoroughness of impregnation 
and regular output is assured. 


Enquiries for special plant to user requirements are 
especially welcome. 


N.G.N. ELECTRICAL LIMITED 


AVENUE PARADE, ACCRINGTON, LANCS. Tel: Accrington 35611-2 
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Data 


Size: 23} in. x 144 in. x 24 in. 

Screen: 10 cm diameter 

Resolution: 40 lines/cm 

Writing speed (stored): 2-4 cm/s 
Sensitivity: 5 mV/cm (max) 
Bandwidth: 0-4 Mc/s 

Time base velocity: 3 cm/yus—0.! cm/s 
Erasure time: <1! second 


Send now for full details of 
this outstanding instrument. 


. . the fastest storage 
oscilloscope in the world. . 


CAWKELL sxccsse 


CAWKELL RESEARCH & ELECTRONICS LTD 
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Remscope 


Here is an oscilloscope that: 


X& will store fast transient signals for a week 
and display them for up to 2 hours. 


%* gives a choice of long persistence display 
or variable persistence. 


%& can include a trace shifter to facilitate 
comparison of several signals at once. 


% eliminates the clutter and delay of photo- 
graphy (as well as the cost). 


With its English Electric E702A_ cathode-ray 
tube and crystal controlled time markers, the 
Remscope is an accurate and reliable instrument 
that is also designed for easy servicing and 
adjustment. 


If you use ‘scopes . . . or are thinking of using 
them ... for any kind of waveform study, from 
computer outputs to mechanical testing, consider 
the advantages of the Remscope. 


We will be glad to arrange a demonstration 
for you. 


Scotts Road, Southall, Middx. Southall 3702/588! 


Export Managers: Applied Research (instruments) Ltd., Emefco House, Bell Street, Reigate, Surrey 


One of the Sa” Group of Companies 
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FULLY AUTOMATIC WINDING MACHINES 


for all types of layerwound coils 


WINDING UNITS - TAKE-OFFS - MULTI WINDERS 
WAVE WINDERS - ARMATURE WINDERS 
DRUMPACK WINDERS - TAKE-UP & WINDING UNITS 


with traverse gears with automatic tension and speed control 


Willy AUMANN, KG. 


ESPELKAMP — GERMANY 


PRECISION 
COIL WINDING MACHINES 
for all purposes 
Sole U.K. Agents : 
R. H. COLE (OVERSEAS) LTD., 2 CAXTON STREET, LONDON, S.W.|. 


Telephone : ABBey 306! (10 lines) ‘ Telex : 23864 Telegrams : Clamping 














A 

SELECTION 
FROM 

OUR WIDE 
RANGE OF 
TRANSFORMERS. 


Your enquiries 


will be welcomed. 


by BUN ees he 


AYRES ROAD, OLD TRAFFORD, MANCHESTER, 16. 

Telephone: TRAfford 1827 8/9. 
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WIDEST RANGE... 


.. . Fastest service 


Virtually every type and value of resistor available can be supplied 
immediately—ex-stock—by The Radio Resistor Co. Ltd. 

High stability, solid carbon, cracked carbon, wirewound, precision 
metal oxide, epoxy resin resistors. Miniature and sub-miniature 
potentiometers. All are described in the illustrated stock book and 


price list issued free every alternate month on application. 





CARBON 


WATTS 


OHMIC 
RANGE 


TOLERANCES + 





Solid 


Cracked 
V. High Resistance 
*High Stability 


Yo—”r 
| and 2 
Yso—I 
1,3 
Yyo—2 


10—10M 


1Q—10M 
50M—10!3 
1—50M 


5% 10% 20% 


5% and 10% 
5% — 25% 


0-5% 1% 2% S% 


High Stability 

encapsulated in 
Epoxy Resin 4, Yo, | 10Q—4-7M 1% 2% 5% 
Metal Oxide Precision I4—2 100—4:2M 1% 2% 5% 





WIREWOUND 
8. Vitreous i—500 I—150K 1% 2% 5% 
3. Cemented A—I5 1—25K 5% and 10% 


*The ubiquitous blue (1%) grey (2%) ““HISTABS” 



































E RADIO RESISTOR CO. LTD. 


9-11 PALMERSTON ROAD, WEALDSTONE, HARROW, MIDDX. Tel: HARrow 6347 
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REGD. TRADE MARK 


“MINICUBE” 
Unique eng ee SUBMINIATURE 400c/s BLOWER 
Power consumption only 3 watts. STAND No. 353 
es Piano 
Weight only 1} oz. RE ’ 


Operation temperature range —55°C + 110°C (ambient). 


This blower offers outstanding advantages to equipment designers and 

its small size enables it to be mounted adjacent to the component to be cooled 

in the majority of cases, thus using the air output to the maximum effect and affording 
an extra saving in weight and power consumption. 


Send for full information on the ‘‘AIRMAX"’ range. 


rasa A. K. FANS LIMITED eo 


APPROVED 20 UPPER PARK ROAD, LONDON, N.W.3. PRimrose 5969 








Supplied with standard 
coverings of cotton, silk, 
rayon, enamel, LEWMEX 
(synthetic enamel), glass and 
asbestos. 


For resistors in instruments, 
radio, television, electronic 
and control apparatus and 
many other applications. 

Available over a range of 
sizes in VACROM (nickel- 
chrome) 80/20 or 15% and 
EUREKA (cupro-nickel). All 
conform to BS 115/1954. 














Sa INSULATED 





RESISTANCE A technical information 
IRFS and advisory service is 


THE LONDON ELECTRIC WIRE CO. & SMITHS LIMITED LEYTON . LONDON €E.10 ( 














Dy 
rN 
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This is news! 


now...a 
translStoriz7ed 


chopper 


New from TMC comes the ELECTRONIC MODULATOR SM. 10 — 
the first fully encapsulated transistorized chopper to be 
produced and sold in quantity in Gt. Britain. The SM.10 
is a highly stable, clamp-type chopper with silicon 
transistors, designed for low level d.c. chopping. Unlike 
electro-mechanical choppers, the S.M.10 has no moving 
parts to wear, or contacts to become contaminated. What 
is more, it will never need adjustment! 
The SM. 10 has all these advantages: 
SK Noise level so low that it will 3K Extremely high stability 
switch a voltage of one microvolt. over the temperature range 


0° to + 56°C. 


‘Kw Carefully matched, selected components 
* give low drift and almost limitless life. 





Price in the U.K. for smal! quantities, Will operate from any 6 volt sinu- oK Small and compact — fits BOA 
available from stock, £8 .5 .0d. soidal or square-wave supply—at socket and measures only 
Unsealed versions of the SM.10 frequencies from 40 c/s to 1000 c/s. 1¢” x 14” diameter. 

transistorized chopper are in use in the 

control systems of British Nuclear Power mM Epoxy resin cast and aluminium encapsulated — 

Stations and have already given three will withstand excessive vibration and shock effects (suitable for all 

years trouble-free service — Thus proving military and commercial projects). 

their stability and reliability. 


See these and other TMC components on Stand 304 at the Radio and Electronic Components Exhibition, 


The SM. 10 is designed and manufactured by Bailey Meters and Controls Limited, and marketed by:— 


TT MC TELEPHONE MANUFACTURING COMPANY LIMITED 
Dept. B! Martell Road - West Dulwich « London, SE21 ° Tel: GiPsy Hill 2211 


>, 
A MEMBER OF THE PTE) GROUP OF COMPANIES 
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The careful electrician uses 


te MARTINDALE 


Don’t take chances—play safe with the 
pooner ene approved voltage Tester, the MARTIN- 
TER 8.000. DALE Model F.P. incorporates exclusive 

AVAILABLE FOR features and advantages (including unique 

24/100 VOLTAGES prod design) that make for maximum 
efficiency with complete safety. Instantly 
records voltage (up to 600), whether A.C. 
or D.C., if wires dead or alive, which is 
‘earth’. Fully fused and protected. You 
cannot afford to pay less than the modest 
price asked for the MARTINDALE Voltage 
Tester—and you cannot buy better, no matter 
how much more you pay. 


7 


For full details write to: 


MARTINDALE ELECTRIC CO. LTD. 
110 WESTMORLAND RD., LONDON, N.W.9 Tel: COLindale 9642 








HIGH TENSILE BARS up to 4}” diameter. 
ROLLED AND MACHINED BARS up to 6” diameter. 
WIRE in all sizes from 0.0076” diameter upwards. 
STRAND. SHEETS up to 6ft. x 3ft. x jin. diameter upwards. STRIP AND FOIL 


DRAWN SECTIONS MACHINED PARTS NUTS AND BOLTS 


THOMAS BOLTON & SONS LTD 


Head Office : Mersey Copper Works, Widnes, London Office & Export Sales Department : 
Lancashire. Telephone: Widnes 2022 168 Regent St., W.I. Tel.: REGent 6427 


cvs-554 
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Markem machines are used throughout 
the world to mark electrical and elec- 
tronic components of every description 
—at production speeds—with clear, du- 
rable imprints. Machines ranging from 
the small, hand-operated “Companion” 
to completely automatic high speed 
types are capable of handling products 
and packages of almost any size and 
shape. Printing elements are available 
for marking almost any surface — for 
production runs or for short runs with 
frequent imprint changes. And the 
wide choice of Markem specialty inks 
offers various drying characteristics 
and resistance to almost any environ- 
mental condition. Machines, printing 
elements, inks, supplies, plus competent 
advice and service —all are available 
from Markem, the complete source, 
with 49 years of experience in indus- 
trial marking. 


FROM MARKEM- 


EVERYTHING YOU 


NEED TO MARK ALL 


OF YOUR PRODUCTS 


AND PACKAGES 


Helping your product speak for itself 


MARKEM (U. K.) LIMITED 

24 Brownfields 

Welwyn Garden City, Herts, England 
MACHINEHANDEL H. RUSCHE 


Via Maartensdijk 
Hollandsche Rading, Holland 


HERE'S HOW TYPICAL MARKING NEEDS ARE MET BY MARKEM 


Mode! 146A — Marking Axial 
Lead Components with com- 
plete iegends. including po- 
larity band. Prints neatly on 
curved, uneven or irregular 
surfaces. Can be adjusted 
quickly to different sizes 
of components. Production 
speed up te 3000 per hour. 


MAY 1961 


Mode! 122A — Simultaneous 
Top and Side Marking as well 
as date coding of transis- 
tors, similar cylindrical com- 
ponents with base leads. 
Hopper-fed machine auto- 
matically prints and ejects 
up to 3000 per hour 


Model 148A — Completely 
Automatic Marking of ali 
types of surfaces — fiat, 
curved, corrugated, irreg- 
ular, etc. — without hand 
rolling or proses. May be 
mounted for automatic in- 
line marking or objects may 
be hand fed to adjustable 
work table. Average produc- 
tion 2100 to 3100 per hour. 


179 


Model 69A — Color Banding 
of diodes, resistors, capac- 
itors, similar axial lead 
cylindrical components up 
to 4800 per hour. Up to 6 
colors simultaneously, or 
5 color bands plus typo- 
graphical marking. Color, 
band width, spacing easily 
changed. 


Write for this 12-page cat- 
alog of Markem machines 
and related equipment for 
the electrical and electron- 
ics industries. Complete 
specification sheets are 
also available for individual 
machines. 
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The careful electrician uses 


the MARTINDALE 


A SPECIAL LOW VOLTAGE 
TESTER L.V./F.P. IS ALSO 
AVAILABLE FOR 

24/100 VOLTAGES 


a 


Don’t take chances—play safe with the 
approved voltage Tester, the MARTIN- 
DALE Model F.P. incorporates exclusive 
features and advantages (including unique 
prod design) that make for maximum 
efficiency with complete safety. Instantly 
records voltage (up to 600), whether A.C. 
or D.C., if wires dead or alive, which is 
‘‘earth”’. Fully fused and protected. You 
cannot afford to pay less than the modest 
price asked for the MARTINDALE Voltage 
Tester—and you cannot buy better, no matter 
how much more you pay. 


For full details write to: 


MARTINDALE ELECTRIC CO. LTD. 
110 WESTMORLAND RD., LONDON, N.W.9 Tel: COLindale 8642 








HIGH TENSILE BARS up to 4}” diameter. 
ROLLED AND MACHINED BARS up to 6” diameter. 
WIRE in all sizes from 0.0076” diameter upwards. 


STRAND. SHEETS up to 6ft. x 3ft. x jin. diameter upwards. STRIP AND FOIL 


MACHINED PARTS NUTS AND BOLTS 


BOLTON & SONS LTD 


London Office & Export Sales Department : 
168 Regent St., W.I. Tel.: REGent 6427 


DRAWN SECTIONS 


THOMAS 


Head Office: Mersey Copper Works, Widnes, 
Lancashire. Telephone: Widnes 2022 


Cvs-554 
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Markem machines are used throughout 
the world to mark electrical and elec- 
tronic components of every description 
—at production speeds—with clear, du- 
rable imprints. Machines ranging from 
the small, hand-operated “Companion” 
to completely automatic high speed 
types are capable of handling products 
and packages of almost any size and 
shape. Printing elements are available 
for marking almost any surface — for 
production runs or for short runs with 
frequent imprint changes. And the 
wide choice of Markem specialty inks 
offers various drying characteristics 
and resistance to almost any environ- 
mental condition. Machines, printing 
elements, inks, supplies, plus competent 
advice and service —all are available 
from Markem, the complete source, 
with 49 years of experience in indus- 
trial marking. 


FROM MARKEM- 


EVERYTHING YOU 


NEED TO MARK ALL 


OF YOUR PRODUCTS 


AND PACKAGES 


Helping your product speak for itself 


MARKEM (U. K.) LIMITED 
24 Brownfields 
Welwyn Garden City, Herts, England 


MACHINEHANDEL H. RUSCHE 
Via Maartensdijk 
Hollandsche Rading, Holland 


HERE'S HOW TYPICAL MARKING NEEDS ARE MET BY MARKEM 


Model 146A — Marking Axial 
Lead Components with com- 
plete legends, including po- 
larity band. Prints neatly on 
curved, uneven or irregular 
surfaces. Can be adjusted 
quickly to different sizes 
of components. Production 
speed up to 3000 per hour. 
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Model 122A — Simultaneous 
Top and Side Marking as well 
as date coding of transis- 
tors, similar cylindrical com- 
ponents with base leads. 
Hopper-fed machine auto- 
matically prints and ejects 
up to 3000 per hour. 


Model 148A -- Completely 
Automatic Marking of all 
types of surfaces — flat, 
curved, corrugated, irreg- 
ular, etc. — without hand 
rolling or poeeetns. May be 
mounted for automatic in- 
line marking or objects may 
be hand fed to adjustable 
work table. Average produc- 
tion 2100 to 3100 per hour. 


179 


Model 69A — Color Banding 
of diodes, resistors, capac- 
tors, similar axial lead 
cylindrical components up 
to 4800 per hour. Up to 6 
colors simultaneously, or 
5 color bands plus typo- 
graphical marking. Color, 
band width, spacing easily 
changed. 


Write for this 12-page cat- 
alog of Markem machines 
and related equipment for 
the electrical and electron- 
ics industries. Complete 
specification sheets are 
also available for individual 
machines. 
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- ELECTRONICS DIVISION 


Complete Series 
 _— ae Sener” 6 


& “LC” R.F. Connectors 
MANUFACTURERS OF 


! ELECTRONIC COMPONENTS 
D.G.l. & A.R.B. APPROVED AND ASSEMBLIES. 


STATION WORKS - HARLOW - ESSEX : Telephone: Harlow 2192 








A sample from our range of servo test gear. . . 


| TRANSFER FUNCTION 
= ANALYSER type 123s 


This versatile instrument features within a single 
cabinet: 
Direct indication of phase angle 
Direct indication of amplitude 
Test frequency range: 0°03-250c's 
Decade setting of test frequency 
Modulated carrier or DC output 
Decade output attenuator 
Carrier frequency range 50c s-3KC 
Independent AC or DC input 
High sensitivity input: 50mV 
Mechanical output 
Instantaneous Start-Stop facility 


% We also manufacture: 
Very Low Frequency Generators 


' 
SERVO CONSULTANTS LIMITED Automatic Nyquist Diagram Plotters 


Electronic Limit Switches 
10 BOUVERIE PLACE - LONDON - W.2. Stabilized AC Servo Power Supplies 
Paddington 2811 Control System Teaching Aids 
p Instrument Servo Gearboxes 
- Industrial Control Gear 
1 
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Calibrated Sweep Rates: 


Rise time: 
Sensitivity: 


D.C. Level Check: 
Pre-amplifier: 


C.R.T. 


Now in Production: 


18 AVENUE 


MAY 1961 


The above depicts the optimum performance possible with 


THE NAGARD MODEL 30! 


Designed around the latest type of kigh sensitivity cathode ray tube. 
this instrument provides all the essential features of a wide band 
oscilloscope with accurate measuring facilities and an exceptionally 
wide range of sweep speeds. The aim has been to get these features 
incorporated in the least complicated manner, and produced to 

the highest standard of workmanship at an economical price. 


The design is clean, simple, reliable and easily serviced. Valves are 
given favourable conditions so that normal ageing does not render 
the instrument inaccurate. 


0.1 «sec/cm to 5 sec/cm in 21 steps within 2°% accuracy over 
most of the very wide range. Continuously variable fine 
control and calibrated sweep expansion = 10 gives maximum 
velocity of 1 cm/0.01 sec. 

Trigger Setting in six modes with level, stability and polarity 
controls. 

Vertical deflection over a bandwidth of DC to 40 Mc/s (— 3bB). 
9 myusec. 

1 cm/100 mV to | cm/20 V continuously variable, extended to 

1 cm/200 v by probe. Calibrated and stable gain settings. 
Locates zero D.C. level of signal. 

Can be switched in and then provides: 

Maximum Sensitivity of 10 mV/cm over bandwidth of 2.5 c/s 
to 20 Mc/s. 

Has 10 KV accelerating voltage and high efficiency screen giving 
exceptionally good resolution and high writing speed. 
Illuminated graticule with easily read rulings for rise time 

and other measurements. 


After proving a series of prototypes over the past 3 years, and 
incorporating 10 years of specialised experience this instrument is one 
of a new range of first class oscilloscopes for the discriminating 

user. Ask for Data Sheet No. 1260. 


ROAD - BELMONT ~- SURREY TEL: VIGILANT 9161-2-3 
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Soldering D C O g 


Instruments 





Trade Mark 


and Equipment 


To co eT 


Iilustrated 


% in. DETACHABLE 
BIT SOLDERING 
INSTRUMENT 
L64 
POSITIONED IN 
PROTECTIVE UNIT 
WITH ACCESSORIES 
L700 


INSTRUMENTS WITH 
THE CORRECT 
SOLDERING 
TEMPERATURES 


ALL VOLT 
RANGES 
6/7 to 230/50 
VOLTS 


British & Foreign 
Pats. & Reg. 
designs. 


For further information and full illustrated catalogue apply head office. 


ADCOLA PRODUCTS LIMITED 


GAUDEN ROAD, CLAPHAM HIGH STREET 
LONDON, S.W.4 


Telephones: MACaulay 310! and 4272 Telegrams: SOLJOINT 
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Olympia 


Trebled in size, the Show now moves to Olympia to 
display the products of an industry which produces 
more than one million components every hour of the 
day. 


exhibits include... 


components, valves, tubes, semi- 

conductors, chassis, cases, fittings, 

wires, cables, assemblies and other 

associated products for: 

Telecommunication equipment 

Radio and television receivers 

Tape recorders, gramophone reproducers and 
film equipment 

Amplifiers, “hi-fi” equipment 

Electronic computers 

Radar and navigational aids 

Measuring instruments and scientific apparatus 

Medical electronic and allied apparatus 

Process control and automation equipment 

Civil and military aeronautical purposes 

Guided missiles and military equipment 


RADIO and 
ELECTRONIC 
COMPONENT 

SHOW 


OLYMPIA : LONDON 
30 MAY - 2 JUNE 1961 


10 a.m.-6 p.m. daily except 
Wed., 31st May, 10 a.m. -9 p.m. 


Admission: 3/6d. or by ticket obtainable from exhibitors. 


Organisers: INDUSTRIAL EXHIBITIONS LTD. 
9 ARGYLL STREET, LONDON, W.1 


MAY 1961 
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Cradleclip 
encircles the globe 


Only three years since the first announcement of Cradleclip 
—yet last year alone, sufficient miles of cable were secured 
by the Cradleclip System, to more than encircle the earth. 
Proof enough of the amazing success of Cradleclip, but 
not really surprising when you consider the outstanding 
advantages of this revolutionary system. Cradleclip is now 
used in 27 countries throughout the world... 


. . . in the air, by leading aircraft 
manufacturers in the complex 
wiring systems of the latest 
aircraft ..., 


ind in every possible kind 
of electrical installation wherever 
cable security is required. 


<a sea in ships of every kind 
including the most modern 
naval vessels. 
ONE—TWO 


Combines high speed fixing with AND IT’S DONE 


simplicity and security. 

Brings a new versatility, com- 
pactness and neatness to your 
wiring. 

c letely i 
for all climates. 
Proved in wiring installation 
throughout the world. 

Cuts wiring time by 52°. 


Reduces production 

— iy TWICE AS 

Proof of the way GOOD — 

Cradieclip saves time and TWICE AS 

money ts avalaale fase QUICK: 
ime an 

Report which will be sent har ny lla 


to you on request. C CLP 


lated and suitable 








cradleclip 








Send for fully descriptive literature to 


INSULOID MANUFACTURING CO. LTD. 


Sharston Works, Leestone Road, WYTHENSHAWE, Manchester. 
Tel: WYT. 2842 & 3163. 
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Wouldnt 
life be 
tedious 


Often at the end of a fabrication 
job in steel or light alloy we feel 
a surge of pride. Perhaps we 
have surveyed, designed, drawn 
up, made and assembled a 
complete installation. Or finished 
a quantity run of some intricate 
machined item. We can’t always 
crow in public— but wouldn’t life 
be dull without such highlights? 


Have you a job to gladden our hearts? 


SPENCER & SONS 
(MARKET HARBOROUGH) LTD. 
GREAT BOWDEN ROAD - MARKET HARBOROUGH - Tel. 2651/2 


London Representatives: O'Neil & Co. Ltd., 


122 Cleveland Street, London, W.1. ‘Phone: EUSton 4818-9 


Partially completed main frame for housing electronics equipment. 
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STABILIZED POWER UNITS for bench or rack mounting 


A.31 Mk. II 


OUTPUTS :— 0-250V., 50mA. in one sweep 
(Ripple < 1-OmV. r.m.s., impedance < 3.0 2) 
1S50V negative bias at 1.0mA. 
6.3V—2 amp. A.C. 





HERE ARE TWO ist GRADE POWER UNITS SUITABLE FOR A VARIETY OF 
APPLICATIONS IN LABORATORIES, TELEVISION AND BROADCASTING 
EQUIPMENT, COMPUTORS AND COMMUNICATIONS EQUIPMENT. THEY 
ARE PRECISION BUILT AND CONSERVATIVELY RATED FOR YEARS OF 
TROUBLE-FREE SERVICE. 





OUTPUTS :— 0-500 V at 250 mA in three ranges 
(Ripple <1.0mV r.m.s., impedance < 0.5 N.) 
250V negative at 0-50mA 
(Ripple <1.0mV r.m.s impedance <0.5 SL.) 
0-250V negative bias at 1.0mA 
6.3V— at 4 amp. A.C. 
6.3V—at 2 amp. A.C. 


AVAILABLE DELIVERY: EX STOCK 


Write for information leaflets to:— 


BOULTON PAUL AIRCRAFT LIMITED - WOLVERHAMPTON - ENGLAND 





In fact the finer the tolerance, the greater 
your confidence in the precise, accurate 
measurement of your Shardiow Micro- 
meter. Constant attention to engineers’ 
problems the world over, has brought 
about refinements making the Shardlow 
Micrometer even more accurate and easy 
to read. This is featured in the Oblique 
Line Sleeve, which eliminates line reading 
errors of .025” (.5mm), and can be speci- 
fied, at no extra cost, when ordering an 
Internal or an External Micrometer, but 


be sure it’sa "tine ane | He 


ca vory fine HUNG 


SHARDLOW MICROMETERS LIMITED oon eee ance: 
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Overall Case Size Basic Unit 


(including feet) 


Basic Unit Size 
(excluding handles) 


Price 
és. d £ 


Type 
No 


Price 
a4 


Type 
No. 


"| LF3— 
19-16 


412 7 | LG3— 


19-16 


"| FS 
19-16 


51S 2 | LG4— 


19-16 


71211 


"| LFs— 
19-16 


619 8 | LGS— 


19-16 


"| LF6— 9i7 1 


19-16 


8 1 10 | LG6é— 


19-16 


“|LF7—| 9 6 O 
19-16 


LG7— 
19-16 


016 6 


" LFe— 
19-16 


LG&— 
19-16 


11s 2 





61910) 


2 


Extra for 
Painted 
Front Panel 
(BS631) 


s. d, 
4 


ou 
“97 


2 0 








Add 6%, to this total if required assembled. Alternative horizontal chassis and printed 


circuit board guides are available. 


BASIC UNIT 
(For 19” P.O. Rack 


LINVAR LIMITED - BALFOUR ROAD 
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LINVAR 
BASIC CHASSIS UNITS 


DESIGNED FOR FULL FLOW COOLING 


LINVAR ANNOUNCES A 10% PRICE 
REDUCTION ON THEIR FULL RANGE 
OF RACKS, CASES, TROLLEYS, ETC. 


(SEE NEW PRICES OPPOSITE) 


WITH COVERS 


SURREY Tel: 6962 








ELECTRICALLY 
HEATED 


Wire Strippers 


Strips thermoplastic & rubber insulation without effort 


No damage to 
cable core or 


wire screen 


7 


“ 


3 ' i 
ERSA SOLDERING 
APPLIANCES 
Minitype SOLDERING NEEDLES 
(10, 20, 30 W), ELEMENTS 
EASILY INTERCHANGEABLE, 
SOLDERING PENCILS (20, 30, 
40 W). SOLDERING BATHS 
WT Comprehensive Tool 
Range for the Electronic 
Industry, especially Box Joint Piiers and 
Cutters, including Tip-cutting Pliers, 
Printed Circuit Crimping and Cutting 
Pliers, Wire Strippers, Inner Core 
Ejectors, Torque Wrenches, Piercing 
Punches, 


Apply for Catalogues EE 


WELWYN TOOL 


CO. LTD. Stonehills House 
Welwyn Garden City : Herts. 


Phone: Welwyn Garden 5403-4 
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WEYBRIDGE - 
SCREEN PRINTING 
MACHINES &% 


RONGEC - EQUIPMENT 


It will pay to investigate 
this versatile process! 


Ideal for: 

DIALS, SCALES, FACIA PANELS, COMPONENTS, 

CHASSIS MARKINGS, PRINTED CIRCUITS, ETC. 
(DEMONSTRATIONS GLADLY ARRANGED) 


GAYLER & HALL LTD. 


HARLEQUIN AVENUE, BRENTFORD, MIDDX. 
Telephones: ISLeworth 440/-2-3 
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Vagneséum Brass Duralumin. 


LONDON 


7 BIRMINGHAM 


LIVERPOOL 


<A MANCHESTER 


LEEDS 





KEEP MINIATURE COMPONENTS 
AND STOCK TIDY WITH 
SMALLBONE STORAGE CABINETS 


There are fifteen | Smatibone Storoge Cabinets 


combinations ore used by many leading 
of Smalibone Units ndustrial concerns 
to ensure thot M.O.S. 
is @ cabinet to GEC 
Lcd 


there " 
sult your needs exactly 
Neot ond practical UNITED KINGDOM 
these stee ATOMIC ENERGY AUTHORITY 
abinets ore th ROLLS ROYCE LTD 
money-saving ROYAL NAVY 
to miniature component | ENGLISH ELECTRIC LTD 
storoge. | POST OFFICE 
Drawer sizes 6 in. long x 3 in. wide x 14 in. deep 
or— 6 in. long x 3 in. wide x 2} in deep 
| All Models (A) & (B)—Trade Price £10 00 
| All Models (C) —Trade Price £334 
(Delivery Ex. Stock) 
Write now for illustrated catalogue from: 
SOLE MANUFACTURERS AND PATENTEES 
SMALLBONE & SON SERVICE STATION LTD. 
116 RADDLEBARN ROAD, SELLY OAK, BIRMINGHAM 29 


well mad 





Telephone: SELly Oak 0080 


SPRINGS aw PRESSINGS 


for the 
ELECTRONIC INDUSTRY 


Manufactured in Beryllium Copper, 

Nickel Silver, Stainless Steel, 

Phosphor Bronze, Tantalum, 
Spring Steel etc. 


We welcome your enquiries 


HFIELD BROTHERS Lp 


OLME BELP RBYS HIRE 


Lue 


L.B 


Peco Ts 





LI! packed 
BROAD Be1/2 
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Permanent magnets, like many other 
aspects of technology, are making 
spectacular progress day by day 
Remarkable economies in production 
can be effected if experts are consulted 
at the design stage. Eclipse have a 
highly developed research programme 
aaa | ae? ’ that makes them leaders in this field 

7 = i —_ Bring Eclipse Permanent Magnets 

—_ —— — into your preliminary design 

Bees discussions—and be thankful 


ce 


technical 
literature 


permanent magnets 





JAMES NEILL & CO (SHEFFIELD) LTD SHEFFIELD ENGLAND 











RADIO 
AND 
FOR ELECTRONIC COMPONENTS 


SOLDERING Vol. 5 


THAT’S WIRES ano R.F, CABLES 
CERTAIN a a By G. W. A. Dummer, M.B.E., M.1.E.E., and 


W. T. Blackband, M.Sc., A.M.1.E.E. 


y 
y 
/ J 
IJ HENLE 
Fe The first time that such a comprehensive book has 
been written on the subject. This volume covers Wires, 
Sleevings and Radio-Frequency Cables, together with an 


Wass Tee extensive bibliography. There is also a unique World List 


Best electric soldering irons in the business — of both Military and Commercial R.F. Cables in addition to 
first choice with Industry for over 
25 years. Full range available. 25 watt 
model illustrated. For leaflet write: 


CAEI) CABLE DIVISION From all booksellers 


Associated Electrical industries Limited Parker St., Kingsway, 
Distribution Equipment Saies Department, London, W.C.2. 
145 Charing Cross Road, London, W.C.2. 


Tel: GERrard 9797 


comparison charts of characteristics. A valuable book for all 


designers and users of electronic equipment. 47/6 net 























EE 33 212 for further details EE 33 213 for further details 


MAY 


1961 ELECTRONIC ENGINEERING 





EE 33 214 for further details 


WHY PICK ON US? 


eee @ question with many answers) 


FOR SKILLED CAPACITY AT LOW COST 


Because our business is wholly and solely sub-contracting—we make 
no products of our own—we can supply highly skilled production 
capacity as and when required at surprisingly low cost. 

If you, like the famous firms listed here, have need of extra capacity 
for electronics wiring and assembly, you should contact Leslie D. 
Izzard, Broxlea Planning Director. He will explain how economically 
teams of highly skilled operators can undertake your work in our 
factory, supervised if you wish by your own Engineering and Inspec- 
tion staff. And he can give you plenty of evidence to prove that 


Broxlea always meet their delivery dates. 


BROXLEA SERVICE 


ELECTRONIC MANUFACTURE, ASSEMBLY, WIRING, ETC. 


View of the Broxvlea Works 14,4500 aq. ft. of ultra modern factory 


apace, 15 miles from central Londen on the A10 road to Cambridge. 


BROXLEA PRODUCTS LIMITED (A.I.D. approved) BROXBOURNE, HERTS 


ELECTRONIC ENGINEERING 


Trusted by the people 
you trust 


Below are some famous names 
—firms who entrust work to 
Broxlea, and who have kindly 
permitted their names to appear: 


Associated Electrical 
Industries Ltd. 


Bell Punch Co. Ltd. 

Brayhead Ltd. 

Bristol Aircraft Ltd. 

E. K. Cole Ltd. 

Cossor Radar & Electronics Lid. 
Dewhurst & Partner Ltd. 
Elliott Bros. (London) Ltd. 
E.M.1. Electronics Ltd. 


Enfield-Standard Power 
Cables Ltd. 


English Electric Aviation Ltda. 
Evershed & Vignoles Lid. 
General Electric Co. Ltd. 


General Precision 
Systems Lid.—Air 
Trainers Link Division 


Ilford Ltd. 


International Computers and 
Tabulators Ltd. 


Lansing Bagnall Ltd. 
Magne tic Devices Lid. 


Marconi’s Wireless 


Telegraph Co. Ltd, 
Microcell Ltd. 


The National Cash Register 
Co. Ltd. 


Pye Ltd. 

A.V. Roe & Co. Lid. 
Rotax Ltd. 

Sangamo Weston Ltd. 


Standard Telephones & 
Cables Ltd. 


Telephone Manufacturing 
Co. Ltd. 


Texas Instruments Ltd. 


Tube Investments (Group 
Services) Ltd. 


Witton-James Lid. 


you will be in good 
company if you, too, 
trust Broxlea. 


Hoddesdon 4455 
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World in a box 


‘Touch a switch and billions of free electrons bring the world 


into your home. Condensers, valves, transistors do the work. 

But they have to be mounted, insulated and protected. Here Shell’s T'GH grade 

of ‘Carinex’ polystyrene is ideal. Its toughness, heat resistance and good electrical properties 
make a television set into a piece of furniture of which to be proud. 

But television and radio cabinets’ escutcheons, control panels 

and speaker grilles are just a few of the applications ‘Carinex’ can cope with. 

In all its grades, all its colours, it will suit almost any 


injection moulding job you care to name. 


CARINEX 


POLYSTYRENE 


Ask Shell Chemical Company Limited, 
“ Ylec . . > 310 ores ; , 4 & 
ike tele Plastics & Rubbers Division, 170 Piccadilly, London, W.1. 
SHELL and CARINEX are Registered Trade Marks PS.o 
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. a radar wave directed through a 
complex layout, often in restricted space, 
call in “Wavefiex’—a unique advance in 
waveguide technique. In the ‘Waveflex’ 
range of Flexible Waveguides are the 
answers to a hundred-and-one problems of 
complicated waveguide plumbing. 


The three types of WAVEFLEX Flexible Waveguides— 


Twistable—fiexible in E and H planes, 
and twistable about the longitudinal axis. 
Non-twistable—fiexible in E and H 
planes. 

Premoulded Twisted—flexible in E and 
H planes, with a built-in longitudinal twist. 
Premoulding relieves the end connections 
of all twisting stresses, and the angle of 
twist can be much greater than with 
ordinary twistable guides. 


Manufactured under exacting scrutiny 
and tested to strict Government 
specifications. 

Ideally suited for use in pressurised 
systems, remain stable when bent or 
twisted, unaffected by extremes of 
temperature. 

Performance covers a broad band. 
‘Type approval’ has been given by the 
Royal Radar Establishment and the 
Admiralty. 


Waveflex guides are available in a range of 
lengths 3” to 36” fitted with standard 
flanges. Special lengths and flanges can be 
made to order. An additional range of 
short guides, under 6’, are particularly 
useful as malalignment units and vibration 
decouplers. 


Write for full technical details to:— 


GABRIEL MANUFACTURING CO LTD 


Newton Road, Torquay, Devon. 
Telephone: Kingskerswell 3333 


A MEMBER OF THE TECALEMIT GROUP OF COMPANIES 


WAV EP ibn 


FLEXIBLE AND TWISTABLE WAVEGUIDES 


ELECTRONIC ENGINEERING 
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Still as simple— still as accurate 


TEM-CON 


temperature wae 


Full details from 
TYER & COMPANY LTD 


(formerly P.A.M. Ltd) 


Perram Works, Merrow Siding, 
Guildford, Surrey Tel: Guildford 2211 














MILTOID SALES 


DIVISION 
BX PLASTICS LTD. 


The British Xylonite Group. 


STOCKISTS OF 


BX 
POLYSTYRENE 


Clear Crystal Standard Commercial Quality 


A first-class rigid insulating material, supplied 
ex-stock in sheets and rods in a range of 
thickness and diameters. 


Information and guidance on manipulation, 
machining and cementing available on request. 


34 Royal College Street, London, N.W.1. 
‘Phone: EUSton 4146 ‘Grams: Celudol Norwest London 

















T.A.7853 
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POTTED SHRIMPS 


with a whale of a performance 


We have been packing lots of inductance into impossibly 
small transformers for a good many years now, and our 


customers seem pretty pleased with the results. 


The smallest type measures only 7%" x" x2” and you 
can have them not only potted, but canned (in mumetal) 


or just in their natural state. 


We should like to tell you more about them. 


ORTIPHONE 


MINIATURE TRANSFORMERS (Dept. 7.2) 124-126 DENMARK HILL, LONDON, S.E.5. 





A USEFUL SERIES —8&+1+2+#3+6=:= 20 


INEXPENSIVE CIRCULAR 
PLUGS AND SOCKETS 


8 WAY -: 9 WAY - 11 WAY - 14 WAY - 20 WAY 


Send for Technical information 10 :— 


McMURDO INSTRUMENT CO. LTD - ASHTEAD - SURREY - TEL: ASHTEAD 3401 


6! HS 6179 
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SINTERED 


PERMANENT MAGNET MATERIALS 


The extensive range of modern permanent magnet alloys 
has been developed to meet the increasing demands of 
industry. 

Murex Limited specialise in the production of permanent 
magnets by the powder metallurgy technique. These magnet 
alloys can be divided into two categories, isotropic and 
anisotropic. Isotropicalloys show equal magnetic properties 
in all directions and anisotropic alloys exhibit enhanced 
properties along certain pre-determined paths. 
Permanent magnet alloys currently manufactured by 
Murex are :— 


ALNICO 
isotropic 
ALCOMAX ITI 
anisotropic 
ALCOMAX IV 
anisotropic 
HYCOMAX 
anisotropic 
COMALLOY 
isotropic 


Br 7,000 BHmax 1.5 


Br 11,000 BHmax 4.1 


Br 9,500 BHmax 3.5 


Br 8,100 BHmax 2.6 


Br 10,000 BHmax 1.0 


Manufacture by the Powder Metallurgy 
technique offers many advantages, a few 
of which are: 


@ Good surface finish can be maintained 
without grinding. 


Close dimensional tolerance can be 
maintained without grinding. 


Complex shapes, including shaped bore 
and counterbores, can be produced. 


Fine crystal structure giving 
increased mechanical strength. 


Uniformity of product and 
alloy composition maintained 
over large quantities, giving 
consistency of properties. 


de 
— 

More detailed information on these materials, together 
with design data and a list of standard shapes and sizes 
currently available can be provided on request. Technical 
Personnel are available to advise customers upon the use and 
application of these materials. 


MUREX LIMITED 


(Powder Metallurgy Division) 


Rainham, Essex Reinhom, Essex 3322 


Felex 28632 Telegrams : Murex, Rainham-Dagenham Telex. 


London Sales Office: Central House. Upper Woburn Place, W.C.1. Tei. EUSton 8265 
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EE 33 222 for further details 





SPECIALIST MANUFACTURERS OF 
HIGHEST GRADE 


INSTRUMENT WIRES. 


COPPER AND RESISTANCE WIRES 
“MANGINSAX''—GENUINE MANGANIN 
ENAMEL, SILK, RAYON COVERED 


P.V.C. POLYTHENE, P.V.C. MICROPHONE 
“INSUGLASS”’ THERMOCOUPLES, etc. 


THE SAXONIA ELECTRICAL WIRE CO. LTD. 


Contractors to the Admiralty, War Office, Air Ministry. 


ROAN WORKS, GREENWICH S.E.10 


Grams: “SAXONIST LONDON” Phones: GREenwich 3713/4 
“GREENWICH CABLES & FLEXIBLES” 


Trade Mark 
established 1895 
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Just out |! 


@ Perfectly 
balanced 


100 WATT 
SOLDERING IRON 


coon enty 29 |= 


including post and packing. 
Trade quantity discounts on 
request. 


@ Flat copper bit 
shaped for any 
application 


@ New stainless steel 
side plates eliminate 
corrosion 


@ Strong robust element 
with large surface ensures 
good heat transfer and long 


life All elements flash 


@ Improved shock resisting tested at 1000 voits 
moulded handle. to earth to ensure 
RELIABILITY, 


UALITY AND 
A really professional, high watt- " ” 


age iron at an economical price 


Suitable for operation at 12 v., 50v., 100/ 
110 v., 200/220 v., and 230/250 v 


Please state voltage required when ordering. 
end for leaflet or order direct from: 
Standard Telephones and Cables Limited 
Industrial Supplies Division 
Staneico Process Heating, Footscray, Sidcup, Kent. 
Footscray 3333 


SUB 
MINIATURE 


TRANSFORMERS 
AND FINE WIRE WINDING 


to meet your 
special requirements 





Tel HOUnsiow 133! 
395 STAINES ROAD, HOUNSLOW, MIDDX 
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POLYSTYRENE GAPAGITORS 


AXIAL LEADS OR VERTICAL MOUNTING 
AT NO EXTRA COST (as __ illustrated) 
A great advance in manufacturing techniques has resulted in a 
capacitor of exceptional reliability and performance, which is 
now available in the U.K. for the first time in large quantities. 
Capacity Ranges .. From 20pF to 25,000 pF. 

Tolerances -. £22%; +10%; + 5%; + 2.5%. 
Voltage Ranges .. 25V. D.C., 125V. D.C. and S00V. D.C. 


Full technical data and prices from Sole U.K. Agents 


WAYCOM LIMITED 


CAPACITY HOUSE, ROTHSAY STREET, TOWER BRIDGE ROAD, 
LONDON, S.E.!. ° ° Tel: HOP 2615/9 





MOULDED 
MIGUSOHINIGIS] | NYLON SCREWS 


| 

[ 
in B.A. & U.N.F. threads 

also SMALL SPUR & HELICAL GEARS 
MOULDED IN NYLON 


Samples on request 


GRICE & YOUNG LTD. 


Christchurch, Hants. Christchurch 636 
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THE MOTOR GEAR AND ENGINEERING Cc 


MAY 


Specialists in the 
manufacture of small 
Straight and spiral 
bevel gears 


to precision limits 


i 


ESSEX WORKS - CHADWELL HEATH - ESSEX 
Telephone : SEVEN KINGS 7788-3456 (15 ines) 
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SENSATIONAL 
TOOLING DEPARTURE 
PRODUCES BLANKS 
AT“KNOCK-OUT” PRICES... 


"GROS LAN D OF COURSE 





Crosland “new dip 
90%, of tool Cost, 











BREDBURY, Nr. STOCKPORT, CHESHIRE 
Tel: Woodley 2621 (3 lines) 


LONDON OFFICE & SHOWROOMS: 326/8 KINGSLAND RD., E.8 
Tel: Clissold 6701/2 
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When the wiring’s 
very small 
here’s the finest 
tip of all... 


Gradleclip 





Cradleclip 








WITH ALL THESE ADVANTAGES 

* Cuts wiring time by 52%. 

* Combines high speed fixing 
with simplicity and 
security. 

* Brings a new versatility, 
compactness and neatness 
to your wiring. 

* re insulated and 

. : suitable for all climates. 

Specially designed * Electrical and mechanical 

for Electronics and _ security in all conditions. 

all very small runs al Gradioctip System hes 


to give all the well * Proved in wiring instal. 
lations throughout the 


known advantages world. 


>» *& Wiring modifications are 
of the Cradleclip quickly and easily carried 


Wiring System. out. 


Comparison with a 
three-penny piece gives some indication 
of the very small size. 


Send for fully descriptive literature 
on the Insuloid Miniature Cradle- 
clip Wiring System now, and find 
out also about other Insuloid time 
and money saving products. 


Twice as good 
Twice as quick 
when you wire 
with CRADLECLIP 


INSULOID MANUFACTURING CO. LTD. 
Sharston Works, Leestone Road, 
Wythenshawe, Manchester. 

Tel: Wythenshawe 2842 & 3163. 
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HERE IS WHY YOU SHOULD USE 
ELESTA COLD CATHODE TUBES 


DO YOU HAVE TO STABILIZE VOLTAGES? Elesta stabilizer 

and voltage reference tubes offer you high precision, large current 

ranges and small differences between the stabilized voltage of differ- 

ent tubes. There is no need to adapt circuits to individual tubes. 

DO YOU MANUFACTURE ELECTRONIC TIMERS? The ex- 
tremely high input resistance and amplification of Elesta cold cathode 
relay tubes enable you to realize precise adjustable delays from 
fractions of seconds up to several hours. 

DO YOU DEVELOP CIRCUITS FOR AUTOMATION AND CON- 
TROL? The characteristics of the new subminiature types make it easy 

to design simple and reliable logic circuits, multivibrators, ring counters, 
shift registers and memories. 

DO YOU WANT TO CONTROL RELAYS WITH EXTREMELY 
SMALL CURRENTS? Switching amplifiers with Elesta cold cathode 
tubes for a.c. operation are particularly sensitive, simple and reliable 

DO YOU CONTROL ELECTRIC POWER WITH DELICATE CON- 
FACTS? Very small currents, purely ohmic load and the sufficiently high 
voltage, necessary for reliable operation, are easily obtainable with Elesta 
cold cathode tubes to protect contacts and guarantee long contact life. 
DO YOU BUILD ELECTRONIC COUNTERS? With Elesta decade 
counter tubes frequencies of up to one megacycle are possible, with con- 
siderable savings in components 


ALL ELESTA TUBES HAVE PURE MOLYBDENUM CATHODES 

WHICH ALONE ENSURE VERY PRECISE AND CONSTANT 

CHARACTERISTICS OVER A PRACTICALLY UNLIMITEC 
OPERATING LIFE FOR MOST APPLICATIONS 


Write or telephone today for practical and proven circuits and technical information about Elesta cold cathode 
tubes for the following applications Photoelectric relays, automatic light controls, electronic pilot relays, 
liquid level controls, electionic counters, etc. . . 


BRITEC LIMITED 


17, CHARING CROSS ROAD, LONDON, W.C.2. Telephone: WHitehall 3070 
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PROBLEM ? 


Pressed, Fabricated and Deep 
Drawn Components for the 
Electronic and Radio Indus- 
tries are our business; what- 
ever you need, Chassis, Cases, 
Panels, Fixing Brackets, etc., 
we can make them to your 
specification. 


MANY STANDARD 
TOOLS IN STOCK 


We produce in:- 
STEEL - ALUMINIUM Y 
BRASS - PHOSPHOR BRONZE 
NICKEL SILVER 


Self colour, plated and/or 
stove enamelled. 


is oY o/A\ 


TIME DELAY RELAY VR TYPE 


With opening, closing or 


change over contacts 


With or without electric- 
ally separate operating cir 


cuit 

OPERATING CURRENT 

0.1 5 A. up to 24 V 
A.C. or D.C 

SWITCHING CIRCUIT 

Up to 15 A. on 240 V. A.C 


DELAY TIME 


20 30 sec. (normal) 
10 60 sec. (on request) 


Please send us your enquiry. 


STEEL 


COMPONENTS LTD 


Trinity Road, Richmond, Surrey 
Phone: Richmond 7474 
PRs LAN ie see ne ee PR oe 


Please write to us for our catalogues or any technical information you may 
require with regard to your own circuit protection problems 


TECHNA (SALES) LTD 
47 WHITEHALL, LONDON, S.W. 








My HAAN TA TAUTIAD EON Os 





EE 33 232 for further details 
MAY 1961 


EE 33 233 for further details 
ELECTRONIC ENGINEERING 





EE 33 234 for further details 


PULLIN 


CLEAR VIEW 
MINIATURE INSTRUMENTS 


THE SERIES 42 
(32” scale) 
—with advanced 
moving 

coil movement 
or moving 

iron movements. 


THE SERIES 35T 

(34” scale) 

—with internal magnet 
moving coil 

movements and moving 
coil and moving iron 
movements, or with 
dynamometer watt- 
meter A.C. and D.C. 


THE SERIES 22 (edgewise 2.25” scale)—with internal magnet 
moving coil D.C., rectifier internal magnet moving coil A.C., 
and moving iron A.C. and D.C. Choice of horizontal or 
vertical, front or rear mounted. 


CRYSTAL RANGE 
THE SERIES 38CY 
3.8” scale 
Approximate 
viewing distance 
4ft. 6ins. with 
moving iron or 
internal magnet 
moving coil 
movements. 


THE SERIES 24CY 
2.4” scale 
Approximate 
viewing distance 3ft. 


If you would like further details of any or all of these 
brilliant Pullin instruments, please write or telephone. 


PULLIN FOR PRECISION 
MEASURING INSTRUMENTS (PULLIN) LTD. 


Head Office: Electrin Works, Winchester St., 
London, W. 3. ACOrn 4651 & 8801 


London Showrooms: Electrin House, 23797 New 
Cavendish Street, London, W.1 LAN 4551-6 
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A.C. SOLENOID TYPESBM/T 


Now fitted with stainless steel guides—six times the life 


Continuous 3} Ibs. at 1” 


Instantaneous at 16 Ibs. 


Smaller sizes available 
Also Transformers to 7kKVA 


3 phase 


R. A. WEBBER LTD. 


18 FOREST ROAD, KINGSWOOD, BRISTOL, PHONE 67-4065 








SOLE LONDON 
DISTRIBUTORS OF 


ELCOM 


MINIATURE 
MULTI-WAY PLUGS 
AND SOCKETS 


“ Q-MAX 9 


SHEET METAL PUNCHES 





| . aad 


Patent No. 619178 and Patents 
pending. 

Round, Square and Rectangular 

The easiest and quickest way of 

punching holes in SHEET METAL. 





A full range of connectors from 2 to 
33 way, proven in use by the 
electronic industries of the world. 





LIST OF SIZES AND 
PRICES ON APPLICATION 








“ Q-MAX” 
MODEL G.D.0.-2 
GRID DIP OSCILLATOR 


An ideal instrument for the deter- 
mination of tuned circuit resonant 
frequency, tuning transmitters 
without application of power, for 
the determination of coil mutual 
and stray inductances and both 
fixed and stray capacitances. Covers 
1.5 to 300 Mc/s in eight ranges 
Built in mains pack. 

PRICE 15 Gns. Complete. 


. 
Fully 
iMustrated 
CATALOGUE 


available . & S- BRE- J 


on eeguaes 25 HIGH HOLBORN, LONDON, W.C.! 
Tel.: HOLborn 6231/2 
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if you need 
a small METAL PRESSING 


for your product, why not consult us ? 
& & * 


We specialise in light precision 
presswork in all metals for the 
Electrical Trades 


QUOTATIONS BY RETURN 


BIRMINGHAM SPECIALITIES LTD. 


MOOR LANE, WITTON, BIRMINGHAM, 6 
Phone: BIR 5026 
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For BERYLLIUM COPPER PRESSINGS 
TO THE CLOSEST TOLERANCES 
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CONSULT 





RANDAUER 


OF BIRMINGHAM 


BRANDAUER 


Brandauer also specialises in precision 
pressings manufactured from all 
ferrous and non-ferrous materials 
including the cupro-nickel alloys. 


TOLERANCES NOW - -00025”: 


By pioneering the use of beryllium copper and precious metals, Brandauer have achieved 
many manufacturing successes which can be of great value to you. 

Today we are among the largest most sought-after fabricators of beryllium copper 
pressings in Britain—thanks to a hundred years of heat treatment experience, specialised 
plant, and ten years of research. Being crafismen, experts and indeed the outstanding 
specialists in beryllium copper, we work with extreme precision in miniature and sub- 
miniature presswork ; in certain circumstances, we regularly maintain an accuracy of plus 
or minus -00025 in 

All components are made to customers’ own requirements. It is significant that several 
million Brandauer units are in daily use in the radio, television and aircraft industries, in 
radar installations, record players, switch gear, electronic computers and a wide range 
of other equipment 


EARLY DELIVERIES OF FOUR SLIDE WORK: 


This is also helpful. So are our large stocks of material. They enable us to quote early 
deliveries for most pressings and competitive prices for all. Therefore—for time and 
tolerance, quality and price, choose Brandaver. Further information and samples gladly 
sent on request. 


C. BRANDAUER & CO. LTD. 401 NEW JOHN STREET WEST, BIRMINGHAM 19 


Telephone: ASTON CROSS 3818 
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THE LEXOR “DIS-BOARD” 


For Power Extension and Expansion Everywhere 


EX-STOCK 
DELIVERY 


OVER 100 
STANDARD 
COMBINATIONS 


Full Literature and Price List from: — 


LEXOR ELECTRONICS LIMITED 
ALLESLEY OLD ROAD 


COVENTRY 
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ees an 


of EDDYSTONE apparatus 


including the ‘880’ High Stability communications 


receiver, 500 kc/s to 30.5 Mc/s in thirty bands 
WEBB’S RADIO 


14 Soho Street, London, W.!. Telephone: Gerrard 2089 
Shop Hours: 9 to 5.30 (7 p.m. Thursdays) and 9 to | Saturdays. 











ELGAR PRECISION RESISTORS 


\ 





\ Light 


weight Humidity Class Hl] 


Tolerances 1% to 0.05% 


ELGAR LABORATORIES 
(ELGAR TRADING LIMITED) 
23 Salisbury Grove - Mytchett - Aldershot - England 
Phone: Farnborough (Hants) 2242 Cables: Elgatrad, Aldershot 


Established 1946 





MAY 
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A comprehensive range 
of medium and miniature size 
NEW DEPARTURE ball 
and HYATT roller bearings 
for applications 
where precision, accuracy 
and long life are essential. 
Write for detailed literature on 
the range of bearings available 
to meet your requirements. 


AC-DELCO Division of General Motors Limited 


Bearing Sales Office: 244 Brompton Road, London SW3 Telephone: Knightsbridge 4531 Head Office: Dunstable, Beds. 








A New addition to the 
P.0.3000 TYPE RANGE 


“REMANENCE RELAY” 


This is a 3000 type relay capable of latching in the 
energised position after the supply is removed, 
until a suitable releasing current is applied in 
the opposite direction. This releasing 
current is controlled by two 
methods :— 

|. With the single coil, 
by reducing the operat- 

ing currentin reverse 
2. With a double coil, 
via a pair of contacts 
employed on the relay to 


energise the second coil. T M 
NEW ERMINAL 


Information on any contact 


@ Quotations by 10) arrangement to be em- COMPONENTS ? 


return of post. (sj ployed can be obtained on 

@ Prototypes application 
within 48 hours. : : | 
Ceramic Terminals 20-300 AMPS ALL 











WITH RANGE OF 


KEYSWITCHES Pe ll FITTING SAME 


A REASONABLE RANGE ALWAYS IN STOCK 
@ RELAYS Type 600 @ Polarised @ A.C. Relays @ High Speed @ Temperatures 
niselectors Latching Relays @ Magnetic Counters Miniature 
Sealed Relays. Available from stock or supplied to specification. 
Samples on request 


fack Da vt3 (Relays) AA 


(DEPT.E.) TUDOR PLACE ,LONDOON, w.t 
TELEPRONES MUSEUM 7960 LANGHAM 4621! 


MOUNTING RAIL 


Send for leaflet 








D. J. EQUIPMENT (HERsHAM) LIMITED 


43 QUEENS ROAD, HERSHAM, WALTON-ON-THAMES, SURREY. Tel. : 27672 
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—_———ae 
RADYNE AHEAD IN SEMI-CONDUCTORS 
— — 


REGISTERED TRACE MARK 


FLOATING ZONE REFINING 

An application of radio frequency heating 

to the purification of germanium, 

silicon, and other materials. By traversing 

a molten zone from one end of the 

ingot to another, impurities are 

concentrated at one end. 

Two RADYNE equipments are available 
a quartz tube gas refiner and a 


vacuum chamber unit. 


CRYSTAL PULLING 
RADYNE equipment for preparing 
mono-crystalline germanium, silicon, and 
; > ateriz : > > G.C.P 
A RADYNE silicon sone other materials includes the G.C.P.2 
refimng unit coupled with a 


RADYNE 15kW 4 Me's 
R.F. generator. or gas crystal puller, based on the 


gas crystal puller and the V.C.P.2 vacuum 


A RADYNE V.C.P.2 Czochralski technique. 
Maximum charge is 950 gm. of germanium; 


crystal puller powered by a 
15/25kW generator and across : 
gas refiner. This is one of 400 gm. of silicon 


i pogo oy bod tual new RADYNE units are especially easy to load 
moc £6 “ i AU 
customer's requirements. frontiers and unload, and to clean; components 


with wide margins of strength and power 


guarantee reliability. 


—[—eEo 
RAD IE DYN E WOKINGHAM BERKS ENGLAND Telephone: Wokingham 1030 Tele : Radyne England 
phone : Wokingham elegrams : Radyne 


(io 
P6309 
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SERVICES TO THE ELECTRONIC INDUSTRY 


Ultra -Subminiature 
Unit manufacture 





RAPIDGRAPH 


and assembly 


ret over | Doptable A74GA <SZEL 


Tools Plastic 
Moulds and Plastic Pen 
Moulding 
. Prototype Develop- Recor f? 
ment and manufac- e Ss 
ndustries Ltd - 
With interchangeable pen units 


LANCASTER ROAD HIGH WYCOMBE - g 4128 of different natural frequencies. 
Very low power required e.g. 


1SmW at 15 c/s. This often 
saves the use of amplifiers and 
their power supplies. Linearity 
in amplitude within 1%. The 
Rapidgraph can be used in 


moving vehicles as the stiffness 
PH } L-TROL of suspension makes it in- 

sensitive to acceleration and 
SOLENOIDS external vibration 


Available with or without paper 
New 6 Page Leaflet (No. rewind; bench or rack mounting 


108a) now available. Covers 1, 2 or 5 channels. 
small and medium solid core 


Quick Delivery— types including new types 
45, 35, 36 and 37 


Sol id: i ° 
i ee | eas $e ek ee Dobbie McInnes 


of order NOW (ELECTROWICS) LTO 


PHILLIPS CONTROL (G.B.) LTD. 


Dept. G7, Farnborough, HANTS. Tel: Farnborough 1120 
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designed for 




















Type AS.7012*, Solent series Audio Output Trans- 
former, has been designed especially for the Mullard 
5 Valve 10 Watt High Quality Amplifier, and is capable 
of the highest quality reproduction. The static fre- 
quency response (without feedback) is within 0.5 db. 
from 20~ to 25,000~, and there is appreciable response 
at SOke/s. and above. Primary tappings for feedback 
are provided at 43% and 20% of the windings, and the 
secondary windings are suitable for 3.75Q and 15 
with identical characteristics on both outputs. A response 
curve, panel layout and loudspeaker connection chart 
are included with each transformer. Priced at 49/3, it 
can be obtained through your local radio dealer, or direct 
from us, post free. 





* This is one of twenty-two Audio Transformers in the 
Solent and Miniford series described in Gardners new 
leaflet “S/M”, especially prepared for retailers and private 
users, which includes over a hundred standard Mains 
Transformers and Chokes. We shal! be pleased to post 
you a copy upon request. 


Below is reproduced the Response Curve 
of the AS.7012 which is typical of the 
whole of the Solent Series. 





GARDNERS RADIO LTD 
CHRISTCHURCH, HANTS. Tel.: Christchurch 1734 
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For cabinet lids, drawers, 


COMBINED RF 
SHIELD & SEAL 


flanges etc., to ensure Air and 
R.F. shielding. 





Just one of 


KnitMesh is a knitted mesh 
produced from almost any 
material obtainable in filament 
form. The illustration shows 
one of its latest applications in 
the electronic field, as a com- 


the many uses 

eo * 
of KnitMesh in — R.F. or and ee 
the Electronic a a aak or see 


_The unique properties of 
KnitMesh — asymmetrical 








* other suitable material 
Industry 


linked loop structure, wide 
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choice of metals and apertures 

Others include heat exchangers, available, and its flexibility— 
flange and spindle gaskets, air make it particularly suitable 
filters, cushioning, and flexible for electronic — applications ; 
all-metal leads please write if you would 
? like more information § on 
at KnitMesh electronic products. 


AMDAABALZD 
36 Victoria Street, London, S.W.1. 


Coxe init Mesh 
Phone: Abbey 2684, 1757. 


RAI LTD. 





For EX-STOCK delivery of 


the following products 


Arcoletric Erie Radio Restor Co. 


Automat Hunts Siemens Edison Swan 
Belling Lee McMurdo 3.7.6. 

Bulgin N.S.F. pA af of 

Colvern Partridge Westinghouse 
Dubilier Painton Woden 


Electrolube B.!. Callenders Permanoid 


and many other,leading manufacturers 


CONTACT 


FARNELL 


WNSTRUMENTS LIMITED 


Light Industrial Estate 
YORK ROAD, WETHERBY, YORKS. 
or Telephone Wetherby 2691 and 2 





We also hold good stocks of Cable, Sleeving, Tools, 
Lubricants and Sundry Items. 


—" 
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THERMAL CONVERTERS 5 U 0 
—cali them what you will, 

these tiny tubes are in fact thermo- : 

couples in Vacuo obtaining their ee 

energy from a heater. A thermo-couple BS 

is a junction between two dissimilar 

metals which, when heated, cause a 

DC voltage to flow in the couple circuit. 

By connecting the thermal converter 

to a suitable DC moving-coil meter, 

measurements can be taken in 


RMS vaiues of current and 
voltage, either AC or DC : 
or superimposed DC £ 


We manufacture a wide range of Vacuo-junctions 
ovailable as insulated or contact types and will 

be pieased to quote for your individual requirements. 
For our descriptive leaflet, write to:— 


DEPARTMENT VJ3 
BEST PRODUCTS LIMITED 
FELIXSTOWE - SUFFOLK 


BE 33 252 for further details 





PRECISION MINIATURE SWITCHES 


Built to British and Foreign Specifications 


CASTELCO (G.B.) LTD. 


Castle Works, High Street, OLD WOKING, Surrey. 
PHONE: Woking 4172/73 


ER — RANGE 

These units are encapsulated with conventional resin 
which protects the wire during assembly operations. 
Working temperature range 0°C—100°C. 

Range: 0.1Q—10MQ Rating: 4#W—2W. 


P RANGE — NYLON EMBEDDED 

Nylon improves physical, mechanical and electrical 

properties giving maximum possible seal against 

humidity over a temperature range of —50°C to 

+ 120°C. 

Range: 100 to1.6MQ_ Rating: 4W and §W. 

All units graded by colour in five standard tolerances 

0.05%—1%. 

DELIVERY: Two to three weeks from receipt of 

order. 

For full technical details write or phone:— 
ASHBURTON RESISTANCE CO. LTD. 

72 Brewery Road, LONDON, N.7_ Tel.: NOR 1168 


ASHBURTON 
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AEFB REE Ei 
A Factory 


oe 


CAPACITY :-— 
|}. Plastics 


>) 


Arti 
7 : 


bi ie 


“tg 


(a) Injection Moulding to 10 Ib by weight 
and all materials 

(b) Compression and Transfer. All phenolic, 
urea and dough moulding compounds 

(c) Blow Moulding off 
materials. 


thermo-plastic 


(d) Vacuum forming 

(e) Extrusion (all kinds of sections and 
rounds) 

(f) Lay flat blown film. 


Ferrous and non-ferrous machined and 
pressed parts 


Spraying, Embossing and Printing on 
Aaigeg TELEPHONE 
Complete assemblies. 


- Tools designed znd made. 


GREat Barr 4237 


Ct te c-.e. =-* =* o7 TSF 2.2 S 


oun disposal... ; 


~~ rp nt ® SP: “e* oe te: 
— - 


CO-ORDINATORS 
SERVICE 


(Engineering) LTD. 
SHADY LANE 
BIRMINGHAM 22A 


CAPACITY 

FOR THE 
MANUFACTURE 
OF ANY 
PLASTIC 
COMPONENTS 
FOR 

ANY 

INDUSTRY 





Type 3000* and 
Magnetic Latching (Remanence) Relays 


ie a — oe a a, ee ee 
7 fs & @ ye See 





D.G.1. TYPE APPROVAL 
NOW GRANTED FOR oe jeans OF RELAYS 


Certifi 
MiGH VOLTAGE 1178, 1119 tow’ VOLTAGE 1287 








* Magnetic latching and 
release by impulse 


* Coil values to 
customer's requirements 


* Silver, Platinum or Elkonite 
spring set configurations 


* Fully tropicalised or standard 
finish to A.l.D release 


Fast delivery on both prototype and normal production 


STEVENAGE 
RELAYS LTD 


GUNNELS WOOD ROAD . STEVENAGE - HERTS. 


Telephone. Stevenage 981. Telex: 82159 Sanders, Stev. 
Ask for further details of our full range of Relays and Relay Kits. 
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« MEMBER OF THE 


GROUP OF COMPANIES 





-PRECISION 
PRESSINGS: 


Accurate 


components at 


tooling and 
multiform 
methods. 


JOBH emilee LED. 
209 SPON LANE WEST BROMWICH STAFFS. 
TELEPHONE WES 2516 
"MITRE MILLS RICHARD STREET BIRMINGHAM? 
TELEPHONE ASTon Cross 2218 (4!ines) 
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BRIGHT STEEL 


‘ 


All Hemming stocks are process protected 
from rust and corrosion. Delivered swiftly by 
Hemming lorries, specially fitted for safe 
transportation and automatic unloading. Cut 
to size to your specific requirements. 


Bright Steel Strip—Mild and Spring 
—Coils and Lengths. 

Bright Annealed Spring Steel Flats. 
Silver Steei—Round and Square. 
Bright Flattened Mild Steel Wire 
with Round and Square edges. 


Fi 


Stock List fror 


If it comes from HEMMING—it comes of good stock 


EMMING F 


Tel: Birmingham SOU 4511 (5 lines) 








THE 


“54 | 


DRAWER 
UNIT 


ALL STEEL 
Stove 
Enamelled 
DARK 
GREEN 


OVERALL 
SIZE 
42” HIGH 
35” WIDE 
113” DEEP 


Contains 54 of these drawers, 
each 5” wide 3” high I1}” long. 
54 dividers and 54 drawer cards 
with each unit. Extra dividers |? 
6d. each. 


£ l 8 DELIVERED FREE to : 
ENGLAND, SCOTLAND and WALES 
SEND FOR SAMPLE DRAWER 


N. C. BROWN LTD. 


EQUIPMENT WING . HEYWOOD . LANCS. 
Telephone: Heywood 69018 (6 lines) 





ror MET 





Wilkinsons © 


E R S GUARANTEED 


NEW RANGE OF METERS 


24” Moving Coil Flush Round 

0/1 amp; 3 amp; 0/5 amp; 0/10 amp; 0/20 
Volts; 0/30 Volts; 0/40 Volts; all at 35/- each. 
2° Moving Coil Flush Round 

0/i Milliamp; 0/5 Milliamp; 0/10 Milliamp; 
0/20 Volts; 0/30 Volts; 0/40 Volts; all-at 27/6 each. 
2° Moving Coil Flush Square 

0/3 Ampere; 0/5 Ampere; both at 27/6 each. 




















EE 33 259 for further details 


MAY 1961 


RELAYS 


Post Office Type 3000 
Made to your specification. 
Contacts up to 8 C.O. 


Prompt Delivery 


MINIATURE RELAYS IN STOCK 
Siemens High Speed Sealed and $.T.C. & G.E.C. Sealed 


RACKS—POST OFFICE STANDARD. 6 fc. high with U-channel 
sides drilled for 19 in. panels, heavy angle base, 4 ft. 10 in. also in stock 


RESISTORS EX STOCK, IN QUANTITY WIRE WOUND, HIGH 
STABILITY CARBON ETC., BEST MAKES AT LOWEST PRICES 








H.P. CAPACITOR MOTORS, 230/240v, 50 cycles,!, 420 r.p.m., 

(8 in. or § in. shaft). €5 10s., carriage |0/-. 
VACUUM PUMP & COMPRESSOR, Edwards Type IV, ¢ in. shafe, 
complete with flywheel, couplings, oil filter and union. £6 10s., post 3/6. 
AMMETER, 0-3 amp d.c., Turner Model 32, MC/FR, 6 in. dial, 90/- 
BATTERY CHARGERS. Westinghouse BC.14-6/40. Input 200/250 
volts A.C., will charge 6v or !2v Batterie: at 0/40 amps. Brand New. 
Complete with 0/50 ammeter Fine and coarse control giving 24 
switch positions. Fused A.C and D.C, Larest type Ss. 


L. WILKINSON (CROYDON) LTD. 
19 LANSDOWNE RD. CROYDON SURREY 


Phone: CRO 0839 Grams: WILCO CROYDON 
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iets PS MTT RM ALE sensitive to one hundredth part of 
one thousandth of an inch..... 


The Fielden Proximity meter is an extremely versatile instrument, enaMing 
observations to be made in research and industry which would otherwise be 
impractical. It can be used as a Concentricity gauge, micrometer, vibration meter, 
dielectric comparator and for pressure measurement, etc. Small capacitance changes 
due to physical displacement or dielectric change can be detected with a high 
degree of sensitivity, indispensable in the field of micro-measurement. No 
laboratory or test department 

should be without one. 


measures = FREE 
28 PAGE BOOKLET 


without 
Write today for this 


. informative booklet— 
physical contact aiid: . Steam 
ment in Research and 
Industry,” Publication 
225/EE, giving full appli- 
cation information and 

technical data. 


FIELDEN ELECTRONICS LTD.: WYTHENSHAWE, MANCHESTER. Phone: Wythenshawe 325! (4 lines) Grams: Humidity Manchester. Indicating 
ALSO AUSTRALIA, ITALY AND CANADA. Branch Offices: LONDON, WALSALL, STOCKTON-ON-TEES, EDINBURGH (A. R. BOLTON & CO., LTD.) Recording 


Agents throughout the world. AND DUBLIN Control 





CONTEMPORARY 
PANEL METERS 


OUTSTANDING FEATURES: 


Centre pole movement. High Torque to 
Weight Ratio. 

Extreme Robustness (Shock proof jewels) 
Very high sensitivities commencing from 
5 Microamps 

Exceptional coil clearance. Trouble free 
gap. 

Inherent Magnetic Shielding 

Modern design, very neat appearance 
Wide, open scaies resulting in shadow- 
less readings 

Selection of sizes, and choice of coloured 
mouldings. 

Available with moving iron, or moving 
coil movements 

Accuracy to B.S.89/54, generally 1%, of 
F.S.D. 

Competitive prices. 


+ + + + Ohbt + bt 


Fer full details of this and other ranges write to TAYLOR ELECTRICAL INSTRUMENTS LIMITED yj 
Montrose Avenue, Slough, Bucks. Telephone: Slough 21381. Cables: Taylins Slough 
Member of the Metal Industries Group of Companies . 
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meters made to measure 


MILLIAMPERES 0. 


wer lsare 


special multi-range 
meter produced 
for Ultra in14 days 


The Anders Instrument Centre is in a unique position to 
meet the most urgent, and the most unusual, meter require- 
ments from production, development and research. Most 
standard meters are available immediately from stock. Non- 
standard meters are calibrated, tested, and normally ready 
within 10-14 days. All shapes; sizes from 1}” to the largest 
switchboard meters. All well-known makes and all types 
including moving coil, moving iron, thermocouples, electro- 
static, dynamometers and full range of meter accessories. 
Anders would like to demonstrate the kind of service they 
can give you and look forward to your enquiries, by letter 
or by telephone. 





This muiti-range meter, using Sangamo 
Weston S.157, 1s one of several similar 
instruments produced by Anders for Ultra 
Electromcs Limited within 14 days. The 
meters are used in Groun est 
Equipment supplied to B.O.A.C 

shown left) for testing the Ultra 

Engine Throttle Control fitted in Bristol 
Britanma Aircraft. A typical example 
of the quick service Anders are giving to 
many famous firms. Anders are indebted 
to Ultra Electronics Limited and 
B.O.A.C. for permission to illustrate 
rmis equipment 


ELECTRONICS LIMITED 
103 Hampstead Road, London NW1. Tel: EUSton 1639 


Contractors to GPO and Government Departments. 

Mimstry of Aviation approved. 

METERS, ELECTRONIC AND TEST EQUIPMENT 
TO INDIVIDUAL SPECIFICATIONS 
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Width 24° 


Depth ti" 


ONSTANT SPEED 
MOTORS 


Write or telephone now for full 
details of this versatile compact, multi- 
purpose LIGHT DUTY Motor Unit with the 
sintered bronze rotor bearings that ensure 
years of reliable service. SELF-STARTING. 
POWER CONSUMED 2 WATTS. 
WIDE VARIETY OF OUTPUT 
SPEEDS. 


SMITHS CLOCK & WATCH DIVISION 


Gontracts Branch, 179 Great Portland Street, W.!. Telephone: LANgham 56/1 
Overseas enquiries to Sectric House, N.W.2. England. Telephone: GlAdstone 6464 
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G TAPPED HOLES 


LATHAM MANUFACTURING CO., 
Tel. WALSALL 23479 


Ablewell Street - Walsall - Staffs - 
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LURIMAR ELECTRO MAGNETIC GLUTGH BRAKE UNITS 


A compact high power coupling . . . 
of low weight. Transmits high torque 
with low current consumption. Can be 
remotely controlled and is self-adjusting. 
Enables designers to develop new ideas 
for power transmission, resulting in 
more compact gearboxes for machine 
tools and more sensitive control of all 
purpose power drives 

Static Field Clutches and Brakes for 
Instrumentation. Spring-loaded, Flectro- 
magnetically Released Disc Brakes. 
Electro-magnetically Controlled Gear- 
boxes. 

Please send for full particulars 


WRIGHT & MARVIN LTD. 
BRISTOL ROAD, GLOUCESTER. ‘Phone: 22837 


OFFER 


COMPONENTS 


LIMITED 











CLASSIFIED ADVERTISEMENTS 


Run-on Classified—The charge for these advertisements is 7d. per word. Minimum charge, | 4s. 


2s. extra, except in the case of 


Box number, 
advertisements for ‘‘Situations Wanted’, when it is free. 


Specially Spaced Classified—50s. Od. per single column inch. 


Copy, with remittance, for the above advertisements, must be received before the |4th of the month for insertion 


in the following issue. 


Display Classified—Full Page, £75 (based on specially spaced classified rates). 


Half Pages, Quarter Pages and 


Eighth Pages pro rate. Copy dates: With proofs, 5th of preceding month. Without proofs, !Oth of preceding month. 


Blocks must be mounted. 


Advertisements for publication should be addressed to: 


Classified Advertisement 


Dept., “Electronic Engineering’’, 28, Essex Street, Strand, London, W.C.2. 





OFFICIAL APPOINTMENTS 


BRIGHTON EDUCATION COMMITTEE. 
Brighton Technical College. Principal: G. E. Watts, 
C.B.E.. M.A., Ph.D. (Cantab), B.Sc. (Lond.) 
F.R.L.C Required for Ist September, 1961 
Lecturers (2) in Electrical Engineering, to teach to 
final Degree and Diploma standard. For one post 
ability to offer Electrical Measurements as a specialist 
subject an advantage. Degree and/or corporate 
membership of professional institution essential 
Salary: £1,370~35 (4) 40—£1,550 Increments 
may be allowed in the scale for approved experience 
Further particulars and forms of application from 
the undersigned to be returned to the Principal, 
Brighton Technical College, Richmond Terrace, 
Brighton 7, within seven days. W. G. Stone, Director 
of Education, 54 Old Steine, Brighton W 5164 


CENTRAL ELECTRICITY GENERATING 
BOARD. Eastern Division. Applications are 
invited for the following permanent Superannuable 
post in the Central Radiochemical Laboratory 
situated at Hornsey (North London). Electronic 
Maintenance Assistant. Salary range £830-£1,065 
per annum. The work is interesting and varied and 
involves servicing instruments employing wide-band 
amplifiers, counting circuits and the latest techniques 
in pulse height analysis. Applicants should have 
several years’ experience in the maintenance of 
industrial or domestic electronic equipment and 
erably be familiar with pulse techniques 
eference will be given to those possessing a Higher 
National Certificate or equivalent qualifications 
Applications, quoting reference S.V. No. 1449, 
stating age, qualifications, experience and present 
ssition, should be sent to the Controller, Central 
lectricity Generating Board, Eastern Division, West 
Farm Place, Chalk Lane, Cockfosters, Barnet, Herts., 
to arrive not later than the 3rd June, 1961. W 5170 


ELECTRONIC ENGINEERING 


LABORATORY TECHNICIAN with experience 
in maintenance, construction and use of apparatus 
for physical measurements wanted for work in the 
new laboratories of the Department of Mechanical 
Engineering, Queen Mary College (University of 
London), Mile End Road, E.1. Some knowledge of 
electronics or photography would be an advantage. 
Salary according to ability on scale £490 p.a. by 
20/25 to possible £675. Plus London Weighting 
£30 to £45 according to age, and possible qualifica- 
tions supplement of £30. Five day week. Four 
weeks annual leave. Pension scheme. Letters only 
to Registrar (M.M.T.), stating age, full details past 
experience and present work W 5161 


BRITISH EMPIRE CANCER CAMPAIGN. 
Radiation Research A Graduate Electrical or 
Electronics Engineer, age preferably 25 to 30, is 
required to collaborate in the development and 
experimental use of an electron linear accelerator, 
3 cm. microwave spectroscope, and other experi- 
mental equipment which is being used to study the 
chemical and biological effects of microsecond pulses 
of radiation. Salary in accordance with qualifications 
and experience. Apply in writing to the Director, 
Research Unit in Radiobiology, Mount Vernon 
Hospital, Northwood, Middlesex W 5156 


CAREERS FOR RADIO TECHNICIANS in 


Civil Aviation. Vacancies for Radio Technicians, LONBON SENSOL OF HYGIENE ANS 


TROPICAL MEDICINE. Physicist, Engineer or 


aged 19 or over, at Airports and Radio Stations 
throughout the United Kingdom, maintaining radio 
communication and electronic navigational aids. 
Fundamental knowledge of radio with some practical 
experience required for entry. Training given on the 
equipment in use. Salary approximately £670 (at 25), 
rising to £795. 34 weeks’ holiday with pay. Paid 
sick leave. Facilities to study for higher qualifications, 
giving good prospects of pensionable posts and pro- 
motion to grades with salary maximum £988, £1,128 
and £1,388. Apply for further details to Ministry of 
Aviation (Est/5a), Room 755, Adelphi, John Adam 
Street, London, W.C.2, or any employment exchange, 
quoting Westminster O/N 3552. $106 


ELECTRONIC TECHNOLOGIST required for 
development of equipment tor automatic control of 
the growth of bacterial cultures by means of photo- 
electric balance. Experience with D.C. and pulse 
amplifiers necessary. Starting salary up to £1,000 
according to age, qualifications and experience 
S-davy week. Possibility of housing accommodation 
App icitions to: Administrator, Medical Research 
Council, Radiobiological Research Unit, Harwell, 
Berkshire W 5168 


Biological Scientist with interest and experience in 
instrument development required to work with the 
Professor of Epidemiology on problems connected 
with the measurement and physiological variables in 
population groups. Appointment for 2 years in first 
instance. Successful applicant will be seconded to 
the Bio-Engineering Laboratory of the Division of 
Human Physiology, National Institute of Medical 
Research. Salary scale £800-£1,000, depending on 
age and experience. Appointment to start June, 1961 
Applications to the Dean, London School of Hygiene 
and Tropical Medicine, Keppel Street, W.C 

W 5147 


MEDICAL RESEARCH UNIT requires an elec- 
tronic engineer or graduate to work on the develop- 
ment and application of digital computer techniques 
for medical electronics. The work is in no sense 
routine and would require someone able to take 
considerable initiative in designing and building 
transistorised circuits Salary on the Medical 
Research Council scale, depending on age and 
experience, £940-£1,300 p.a. plus superannuation 
Apply stating age, qualifications, previous experience 
and the name of two referees to Dr. A. M. Halliday, 
National Hospital, Queen Square, London, W.C.1. 
WwW 5169 
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OFFICIAL APPOINTMENTS (Cont’d.) 


AIR MINISTRY. Scientific Adviser's Department 
Air Ministry require unestablished Senior Scientific, 
Scientific Officer and Experimental Officers in 
Scientific Adviser's Department. Quals. Senior 
Scientific and Scientific Officers should have Ist or 
2nd Hons. Degree in one of the subjects specified 
Experimental Officers should be ebtween 26 and 31, 
and have pass degree, H.N.C. or G.C.E. ‘A’ Level 
including at least one of the subjects specified 
Four Scientific Officer posts at A.M. Headquarters 
Whitehall! for Graduates in Mathematics or Physics 
Post A—in Strategic Offense and Atomic Section, 
involving cost/effectiveness studies of offensive 
systems, studies on strategy of R.A.F. offensive 
operations, and of atomic effects and target response 
Mathematician preferred. Post B—in Air Defence 
and Electronics Section involving cost/effectiveness 
studies of defensive systems and detailed electronic 
studies of radar, electronic counter-measures, and 
infra-red. Physicist preferred. Post C—in Strategi 
Studies and Anti-Submarine Warfare Section, 
involving studies of inerplay of offense and defence, 
and the requirements of nuclear submarine detection 
Post D—in Limited War Section, involving studies 
of tactical aircraft, tactical weapons systems and 
limited form of war games in tactical sphere. Three 
Senior Scientific or Scientific Officer posts on stiff 
of Operational Research Branch at Bomber Com 
mand, High Wycombe, for Graduates in Mathe- 
matics, Physics or Engineering. Post E—at Command 
H.Q. involving work on evaluation, use and operation 
of airborne and ground electronic equipment. Good 
electronics background required, preferably with 
experience on airborne and ground radar. Post F 
at Command H.Q. involving work on problems of 
effectiveness of Medium Bomber Force and in 
programming and organisation of an Elliott 402 
computer. Good mathematical background required 
Post G—involving work on trials of Bluestreak and 
also work at Bomber Command Development Unit 
at Finningley, Yorks. Two Experimental Officers 
for Post H—at H.Q. Bomber Command, High 
Wycombe, to assist in computer programming to 
train other programmers and to participate in work 
involving bombing calculations, defect recording 
systems, nuclear fallout profiles, etc. Be interested 
in problems of data handling and have quals. in 
mathematics, physics or engineering. Post I—at 
H.Q. Technical Training Command, Brampton, 
Hunts. concerned with collection and analysis of 
data, and conducting experiments in training of 
technicians Background and quals. in_ social 
sciences with some knowledge of statistics preferred 
but quals. and exp. in electronic engineering accept- 
Salaries: National rate—Senior Scisntific 
£1,342-£1,654, Scientific Officers £738- 
Exp. Officers £1,087-£1,336. £55-£65 more 
posts in London Forms from Ministry of 
Labour, Technical and Scientific Register (K), 26, 
King Street, London, S.W.1 (quoting A 128/1A and 
appropriate Post ref.). Closing date 12th Mav, 1961 
W 51%6 


CENTRAL ELECTRICITY GENERATING 
BOARD Eastern Division Applications are 
invited for the following appointments in the 
Divisional Electrical Department: Fourth Assistant 
Engineers (Telecommunications) (S.V. No. 1468) 
Salary N.J.B., Class AX, Grade 9, Scale 9, £1,005- 
£1,245 per annum. The applicants appointed will 
be based at either Cockfosters (North London), 
Bedford, Ipswich or Luton. The salary for the post 
at Cockfosters will be subject to an addition of £50 
per annum in respect of London Weighting. Appli- 
cants should preferably possess qualifications leading 
to Graduate Membership of the British Institution 
of Radio Engineers, or the Institution of Electrical 
Engineers. Consideration will, however, be given to 
candidates well advanced in studies for Higher 
National or City and Guilds Certificates. The 
successful applicants will be required for installation, 
maintenance fault clearance, testing and commis- 
sioning of a variety of telecommunications equip- 
ment, including auto-telephony, telemetering, remote 
control systems, power line carrier equipment. 
V.H.F. radio, etc. Experience in one or more of 
these fields is desirable A knowledge of the 
Generating Board's standardised system of indica- 
tions, telephony and telemetering would be an 
advantage. Applications, quoting Reference S.V 
No. 1468, and indicating the location of the post for 
which they wish to be considered, stating age, 
qualifications, experience and present position, 
should be sent to the Controller, Central Electricity 
Generating Board, Eastern Division, West Farm 
Place, Chalk Lane, Cockfosters, Barnet, Herts., to 
arrive not later than 6th May, 1961 W 5139 


PAISLEY TECHNICAL COLLEGE, George 
Street, Paisley. Scottish Central Institution. Elec- 
trical Engineering Department. Applications are 
invited from Honours Graduates with industrial 
experience for appointments as lecturers in (a) 
Electric Power Engineering and (b) Electronic 
Engineering. The commencing salary will depend 
upon experience subsequent to graduation and will 
increase by £50 per annum to a maximum of £1,700 
per annum. Courses are provided in the Department 
for the London External B.Sc. Degree and the 1.E.E 
Part [II examinations. Further particulars may be 
obtained from the undersigned and applications 
should be submitted not later than 15th May, 1961 
Henry, Principal, Paisley Technical College 

W 5171 
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EMPRESA NACIONAL DE TELECOM- 
MUNICACIONES, Republic of Colombia, South 
America A Telecommunications Engineer is 
required to assist the Chief English Resident Engineer 
in the development of the long distance telephone 
and telegraph services of Colombia, under the 
technical direction of Messrs. Preece, Cardew & 
The work comprises 
the supervision and administration of contracts for 


Rider, Consulting Engineers 


multi-channel VHF radio links, automatic and 
manual telephone exchanges, subscribers telex and 
public telegraph automatic switching systems, etc., 
and includes the planning and supervision of instal- 
lation works, acceptance testing of the completed 
installations and organisation of the subsequent 
maintenance arrangements. In addition to a general 
knowledge of telecommunications, applicants should 
have a thorough knowledge of automatic telephone 
systems and should be capable of organising and 
handling the actual work in the field. Preference will 
be given to applicants with a sound knowledge of 
crossbar automatic telephone exchange systems in 
particular. The engineer appointed to the post will 
normally be resident in Bogota but will be required 
to travel to other parts of Colombia in the course of 
his duties. Actual travelling expenses plus an ade- 
quate living allowance will be paid for these trips 
Travel between the principal cities of Colombia is 
rapid, as regular air services are available. The 
engineer will be expected to study and to learn the 
Spanish language. The period of engagement will be 
three years in the first instance. Salary will be 
dependent upon qualifications and experience but 
will be of the order of £375 per month, payable 
mainly in U.S. dollars and partly in Colombian 
pesos. Fuller details will be given to applicants 
selected for interview. In addition, social benefits 
recognised by the Colombian Labour Legislation 
will be paid in Colombian pesos 
Bogota will be provided for the successful applicant 
and his family, up to a maximum of five persons 
including himself, together with free return passages 
to England on the satisfactory conclusion of the 


Free passages to 


contract. Applications giving full details of training 
and experience together with copies of any relevant 
testimonials should be submitted to the Consulting 
Engineers, Messrs. Preece, Cardew & Rider, 8-12, 
Queen Anne's Gate, London, S.W.1 W 5167 


LANCHESTER COLLEGE OF TECH- 
ANOLOGY, Coventry Principal J. Richmond, 
B.Sc.,(Eng.), Ph.D., M.I.Mech.E. Appointment of 
Additiona! Academic Staff. Applications invited for 
following posts, duties to commence Ist September, 
1961, or from date to be arranged. Department of 
Electrical Engineering (Head of Department: E. A 
Hanney, M.Eng., Ph.D.. M.1.Mech.E.. M.Brit 
I.R.E.) One Principal Lecturer: Two Senior 
Lecturers: One Lecturer: to teach to H.NC., 
Part III 1.E.E. and degree standard. Opportunities 
exist in electronic engineering, control engineering, 
heavy current work and electro-technology. Candi- 
dates should normally hold University degree or 
Diploma in Technology and a professional quali- 
fication. Applicants who do not meet these require- 
ments may be eligible by virtue of outstanding 
experience or other qualities. Industrial or profes- 
sional experience is necessary, while some previous 
teaching or research experience would be an 
advantage. The College is largely housed in new 
buildings occupied in 1960. The remaining buildings 
will be occupied during 1963 Equipment and 
general facilities in the new buildings are excellent 
and a real opportunity exists for the staff to take 
part in the many further educational developments 
which are projected in close and growing co-operation 
with industry. An outstanding feature of all Depart- 
ments are many well-supported post graduate courses 
of lectures. It is hoped that several Dip. Tech 
courses will be offered from September, 1961. All 
staff are encouraged to undertake research and/or 
consulting work. Salaries (now under review) 

Principal Lecturers £1,750 « £50—£1,900 p.a. Senior 
Lecturers £1,550 x £50—£1,750 p.a. Lecturers £1,370 
«£35 (4) = £40 (1)—4£1,550 p.a. In certain circum- 
stances a candidate may be paid commencing salary 
above minimum of scale. Further particulars and 
application forms from the Registrar, Lanchester 
College of Technology, Priory Street, Coventry, to 
whom applications should be submitted within 12 
days of the appearance of this advertisement. W. L 
Chinn, Director of Education W 5159 
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LONDON COUNTY COUNCIL South East 
London Technical College, Lewisham Way, S.E.4 
Department of Electrical Engineering. Applications 
are invited for Lecturers and Assistant Lecturers 
(Grade B) in Automatic Telephony, Radio Com- 
munication and Light Current Elecirical Engineering, 
Candidates should be 
well qualified, have industrial experience and prefer- 


including Instrumentation 


ably some teaching experience. The Department 


offers Full-time, Sandwich, Part-time Day and 


Evening Courses. Successful candidates may be 


required to teach up to Part III 1.E.E. and/or C. & G 
Telecommunications supplementary studies standard 
Salary scales: (i) Lecturers £1,408 to £1,601 with 
possible entry above the minimum. (ii) Assistant 
Lecturers (Grade B) £738 to £1,486. Point of entry 
and maximum dependent on relevant industrial or 


teaching experience and qualifications. Application 


forms from the Secretary, returnable within two 
weeks, quoting (FE.3a/E/950/4) W $172 


MIDDLESEX COUNTY COUNCIL. Educa- 
tion Committee. Twickenham Technical College, 
Egerton Road, Twickenham Principal P 
Wolfenden, M.Sc., M.L.E.E. Department of Elec- 
trical Engineering and Physics. Applications are 
invited from qualified engineers for two new posts 
of Lecturer. Duties to commence Ist September, 
1961. (1) Lecturer in Electronics with experience in 
Transistor applications. (2) Lecturer in Electrical 
Power with experience in the control of Electrical 
machines. The work of the department is rapidly 
expanding and includes Higher National Certificate, 
Higher National Diploma, Part II] Examination of 
the Institution of Electrical Engineers, Post Graduate 
and Special Lecture courses Large extensions 
opened in 1960 have provided well equipped 
laboratories and workshops. Candidates should 
possess a degree or graduate equivalent and have 
had suitable industrial experience Part-time or 
full-time teaching experience is desirable but not 
essential. Salary within the range £1,408 to £1,601 
per annum Further particulars and application 
forms may be obtained from the Principal to whom 
completed forms should be returned within 14 days 
Cc. E. Gurr, M.Sc., Ph.D., Chief Education Officer 

W 5157 


OXFORD UNIVERSITY. Senior Electronics 
Technician required now in the Department of 
Physical Chemistry for the development, construc- 
tion and maintenance of a wide range of electronic 
research equipment. Commencing salary deper ding 
on age and experience in the range £800-£1,000 
Apply: Secretary, Physical Chemistry Laboratory, 
South Parks Road, Oxford W 20% 


PATENT EXAMINERS and Patent Officers 
Pensionable posts for men or women for work on 
the examination of Patent applications. Age at 
least 21 and under 29 (36 for Examiners) on 31.12.61, 
with extesnion for regular Forces service and Over- 
seas Civil Service. Qualifications: normally a degree, 
or a Diploma in Technology, with first or second 
class honours in physics, chemistry, engineering or 
mathematics, or equivalent attainment, or profes- 
sional qualification, e.g. A.M.LLC.E., A.M.1.Mech.E., 

! E.E., A.R.LC., A.Inst.P Inner London 
Salary £793 to £1,719; provision for starting pay 
above minimum Promotion prospects Write 
Civil Service Commission, 17 North Audley Street, 
London, W.1, for application form, quoting $/128/61, 
and stating date of birth W 5137 


PLYMOUTH AND DEVONPORT TECH- 
NICAL COLLEGE. Principal: E. Bailey, B.Sc., 
F.RIC., A.M..L.Chem.E. Required, as soon as 
possible, Assistant Lecturer Grade A for Radio 
Officers courses with opportunities for taking other 
radio and electrical courses within the Electrical 
Engineering Department. Candidates should hold a 
First Class P.M.G. Wireless Telegraphy Certificate 
and M.O.T. Radar Maintenance certificate. Sea- 
going and/or teaching experience are added qualifica- 
tions. Salary Burnham Scale £520 x £27/10/0 to 
£1,000 per annum with additions for approved 
experience, qualifications and training. Forms and 
particulars (s.a.c.) from Clerk to the Governors, 
Education Offices, Cobourg Street, Plymouth, to 
whom they should be returned as soon as -— 7 
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RESEARCH FELLOWSHIPS. R.A_E. Ministry of 
Aviation invites applications for a limited number of 
Senior and Junior Research Fellowships tenable for 
three years at the Royal Aircraft Establishment, 
Farnborough, Hants, or Bedford. Fellows will be 
required to carry out Fundamental Research in 
connection with advanced rocket and aircraft 
projects. The scientific fields covered include 
aerodynamics, thermodynamics, aircraft and missile 
structures, guidance and control techniques, new 
synthetic polymers and their properties, electronics 
involving solid state physics, semi-conductors, 
propagation, physics and chemistry of surfaces, gas 
discharge physics, microwave physics, etc. Subjects 
will be selected according to the training and 
experience of the Fellows and the needs of the 
Establishment. Candidates must be British subjects 
with normally either a First or Second Class Honours 

ce in the Natural Sciences, Mathematics or 
Engineering and with evidence of a very high 
standard of ability in research. Exceptionally a 
candidate without the ic requirements but 
who can produce evidence of outstanding ability in 
research may be admitted. At least two years’ post- 
graduate research experience required for J.R.F 
+e “nee 23-26) and at least three years for 
(age preferably 26-30). Remuneration 
according to individual merit on ranges £1,325- 
£1,640 (S.R.F.) £910-£1,220 (J.R.F.). Superannua- 
tion under F.S.S.U. At expiry of a Fellowship the 
holder, if of suitable age, can be considered for an 
established (pensionable) post through a Civil 
Service Commission Open Competition. Application 
forms and booklets obtainable from the Director, 
R.A.E., Farnborough, Hants, for return by 8th 
May, 1961. Overseas candidates should send 
written applications stating age, nationality and 
place of birth of self and parents, educational and 
academic qualifications, appointments held and 
research experience. W 5148 


RESEARCH FELLOWSHIPS. R.R.E. Ministry 
of Aviation invites applications for Senior and 
Junior Research Fellowships tenable for three years 
at the Royal Radar Establishment, Malvern, com- 
mencing Autumn, 1961. There is a considerable 
Choice of Subjects within the fields of interest to 
the Establishment. These include experimental and 
theoretical research in low temperature physics, 
electrical and optical properties of semi-conductors, 
infra-red spectroscopy, micro-wave physics, elec- 
tronics, radio-astronomy, shock waves, ionisation 
phenomena in gases, physics of upper atmosphere 
Candidates must be British subjects with normally 
First or Second Class Honours degree in an appro- 
priate subject, with evidence of a very high standard 
of ability in research. Exceptionally, a candidate 
without the requisite academic qualifications, but 
who can produce evidence of outstanding ability in 
research may be admitted. At least two years’ post- 
graduate experience required for J.R.F. (age prefer- 
ably 23-26) and three years for S.R.F. (age Society 
26-30). Remuneration according to individual merit 
in ranges £1,325-£1,640 (S.R.F.) £910-£1,220 (J.R.F.) 
a year. Superannuation under F.S.S.U. At expiry 
of Fellowship the holder, if of suitable age, can be 
considered for an established (pensionable) post 
through a Civil Service Commission Open Com- 

tition. Application forms and booklet from the 
Director R.R.E., Malvern, Worcestershire, to whom 
they must be returned by 8th May, 1961 W 5149 


ROYAL MILITARY COLLEGE OF SCIENCE, 
Shrivenham, Berkshire, requires Graduate Demon- 
Strators (Male) in Department of Electrical and 
Instrument Technology Teaching at University 
level. To assist in supervision of Students’ laboratory 
work and in reseach by Staff and Students. Extensive 
well-equipped laboratories. Opportunities to engage 
in personal research towards higher degree in fields 
of electrical engineering, electronics, computing and 
servo-mechanisms. Quals. Ist and 2nd class Honours 
degree or equiv. in Electrical Engineering or Physics. 
Salary range: £754 to £910, superannuation under 
F.S.S.U. Appointments normally 3 years but may 
be extended. Opportunities exist for promotion to 
grades of Lecturer and higher grades. Quarters 
available for single men; possibility of houses for 
married men. Forms from Ministry of Labour, 
Technical and Scientific Register (K), 26, King 
Street, London, $.W.1, quoting D.200/1A Closing 
date 13 May 196! W S15 


ROYAL OBSERVATORY EDINBURGH 
SEISMOLOGY. Applications are invited for a 
post of Electronics and Instrument Engineer (Experi- 
mental Officer) to take part in research programmes in 
@ new group working on new instrumentation and 
digital data-handling in seismology. Candidates 
should normally be university graduates or graduate 
members of a professional institute in physics or 
electrical or mechanical engineering or equivalent 
Versatility and ability to work independently are 
required in this now rapidly evolving subject. Age 
26 or over. Salary: £1,087-£1,336 commencing at 
minimum. The post is unpensionable in first instance 
but opportunities to gain pensionable post will occur 
Further particulars and application form from 
Establishment Officer, Scottish Home Department, 
Room 364, St. Andrew's House, Edinburgh, 1 
Closing date 23rd May, 1961 W 5165 
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ROYAL NAVAL SCIENTIFIC SERVICE 
require Senior Scientific Officers/Scientific 
Officers at an Underwater Weapons Establishment, 
Portland, Dorset (Ref. C69/1A). (1) Mechanical 
Engineer, specialived in thermodynamics with 
experience in internal combustion engine research 
and/or rocket propulsion field. Minimum 5 years’ 
experience in either expected. Some experience in 
appropriate instrumentation essential with design 
study work on components of rocket systems or 
other propulsion gear. Turbine design experience 
advantageous. (2) Mechanical Engineer with bias for 
one or more of: (i) hydraulically operated mechan- 
isms, including servo-control; (ii) mechanics of 
machines (theory and practice); (iii) hydro- (or 
aero-) dynamics of fairly tary character. 
G3) Hydrodynamicist (or Aeronautical Engineer), with 
some years’ experience for work on torpedo dynamics. 
(4) Mechanical Engineers (Servo-mechanisms, ° 
design and develop), Electronic Engineers (Elec- 
tronics/Design), Mathematicians (Operational 
research and _ theoretical physics), Physicist 
(acoustics). B: Government Communications H.Q., 
Cheltenham (Ref. A43/1A). Physicists (Telecom- 
munications), Mathematicians, Electronic Engineers 
(Electronics/Radar): Telecommunications and 
Radio). C: Naval Construction Research Establish- 
ment, Dumfermline (Ref. C70/1A). Structural and 
Mechanical Engineers, Mathematical Physicists and 
Mathematicians, for teams apes on research 
problems of structural strength, effects of con- 
ventional and nuclear weapons and development of 
new structural materials. Excellent opportunities 
and good prospects for promotion. D: Admiralty 
Compass Observatory, Slough (Ref. D47/1A) 
Electrical or Mechanical Engineers or Physicists 
interested in gyro-techniques, servo-mechanisms or 
electronics. Qualifications for all posts: Ist or 2nd 
Class Honours Degree or equivalent in appropriate 
subject. Must normally be natural born British 
subjects of natural born British parents. S.S.O.’s 
must have had minimum 3 years’ post-graduate 
experience and be not less than 26 years of age. 
eau: (A) S$.S.0., £1,302-£1,604; S$.O., £717- 
£1,18 (B, C, D) *s.s.0., £1,342-£1,654: S.O., 
£738-£1, 222. Appointments unestablished (with 
F.S.S.U. benefits) but opportunities for those between 
21 and 32 to compete for established posts. Forms 
from Ministry of Labour, Technical & Scientific 
Register (K), 26 King Street, London, S.W.1, oe 
appropriate reference and post. Ww 


THE COUNTY BOROUGH OF CROYDON 
EDUCATION COMMITTEE invite applica- 
tions from suitably qualified teachers for the following 
vacancy which will become tenable in September 
Croydon Technical College, Fairfield, Croydon. 
Principal: D. A. Green, M.B.E., B.Sc., M.Ed. 
Department of Electrical Engineering. Graduate 
Lecturer mainly for light current subjects up to 
H.N.C. level. Industrial experience in some branch 
of electronics would be welcomed. The ability to 
assist in teaching Radio and Television Servicing up 
to the C.G.L.1. Final would be an additional recom- 
mendation Salary according to the Burnham 
Technical Scale for Lecturers with London Area 
Allowance Further particulars and forms of 
application may be obtained from the Chief Educa- 
tion Officer, Education Offices, Katharine Street, 
Croydon and should be returned to the Principal 
not later than the first post on Wednesday, “— ri 
51 


THE SCIENTIFIC CIVIL SERVICE needs men 
and women for pensionable posts as (a) Experimental 
Officers and (b) Assistant Experimental Officers in 
Mathematics, Physics, Meteorology, Chemistry, 
Metallurgy, Biological Sciences, Engineering, Mis- 
cellaneous (Geology, Library and Technical Infor- 
mation Services). Candidates must, on 31.12.61, be 
at least 26 and normally under 31 for (a), and at 
least 18 and normally under 28 for (b). Qualifications 
should normally include H.S.C., or G.C.E., or 
equivalent, or H.N.C., a University degree, or a 
Diploma in Technology. Provisional admission if 
taking examinations in 1961. London salary scale 
(a) £1,117-£1,376; (b) £465 10s. (at 18) to £826 (26 
or over) rising to £1,009. Promotion prospects 
Further education facilities. Write Civil Service 
Commission, 17 North Audley Street, London, W.1, 
for application form, quoting $/94-95/61. W 5154 


THE SCIENTIFIC CIVIL SERVICE needs men 
and women for pensionable posts as Assistants 
(Scientific). Ages at least 17 and normally under 27 
on 31.12.61 with appropriate educational or technical 
qualifications (normally G.C.E. with passes at ‘O’ 
or ‘A’ level in 4 distinct subjects including English 
language and a scientific or mathematical subject, 
or O.N.C., or equivalent qualifications) and at least 
1 year’s experience in: (i) engineering or physical 
sciences, or (ii) chemistry, bio-chemistry or metal- 
lurgy, or (iii) biological sciences, or (iv) geology, 
meteorology, or skilled work in laboratory crafts 
such as glass-blowing. National salary from £354 
(at 17) to £551 (at 25 or over) rising to £723 
Promotion prospects. 5-day week generally. Write 
Civil Service Commission, 17 North Audley Street, 
London, W.1, for application form, quoting $/59/61. 

W 5163 


TEMPORARY OFFICERS (Grade [I or Mil 
according to quails.) in Ministry of ence for 
special research work. Research or trials exp. in 
ballistics, electronics or guided weapons is required. 
A knowledge of the guided weapons indus’ —_ 
foreign languages would be advantageous. 
scales Grade III £458-£1,154, Grade II £1, ne. 
£1,430, plus London Weighting. Write giving age, 
quals. and exp. to Manager (PE.73), Ministry of 
Labour, Professional and Executive Register, 
Atlantic House, Farringdon St., London, E.C.4. 
W 5150 


SITUATIONS VACANT 


ASSISTANT TO THE CHIEF ENGINEER. 
Painton & Co. Ltd., manufacturers of high-quality 
a for the Electronics Industry, are expand- 
ing their activities and wish to appoint an Assistant 
to the Chief << Applicants must be graduates 
in Physics or Electrical Engineering, have experience 
in the design and development of Electronic Com- 

ments and be able to carry executive authority. 

his is a staff appointment with Superannuation 
Scheme. Applications to the Personnel Officer, 
Kingsthorpe, Northampton. W 5125 


ASSOCIATED ELECTRICAL INDUSTRIES 
LTD., Electronic. Apparatus Division, Trafford 
Park, Manchester, 17. Testers urgently required for 
interesting work on Ground Radar, Servo-Control 
and Computer systems. Technical qualifications an 
advantage. There are excellent opportunities avail- 
able for suitable applicants. Why not write in now 
for application form and conditions, to The Employ- 
ment Supervisor, A.E.I. (Manchester) Ltd., Trafford 
Park, Manchester, 17. W S111 


DEVON COAST AREA now offers employment 
in addition to all the well known attractions of the 
West Country. Senior Electronic Engineers, with 
experience of transistor circuitry, are invited to apply 
for a post in a laboratory engaged in the design of a 
wide range of electronic instruments. Academic 
qualifications are desirable, but the most important 
qualification is the ability to achieve results. The 
successful candidate will have the opportunity of 
living in the heart of the most popular holiday area 
of the British Isles. Write in confidence to the 
General Manager, Hatfield Instruments Ltd., 
Burrington Way, Plymouth W 3034 


ELECTRONIC DESIGN Development Engineer 
required by expanding Company. Knowledge of 
supervision on small production runs desirable. 
Candidates should be conversant with the Services 
Approved Components system. Degree or H.N.C 
standard essential. Knowledge of sound mechanical 
design applicable to instrumentation an advantage 
Salary will be commensurate with the applicant's 
qualifications and/or experience. Please apply in 
writing to Technical Director, Kenure Holt Elec- 
tronics Ltd., Boyn Valley Road, Maidenhead, Berks. 
W 2032 


ELECTRONIC DEVELOPMENT Engineers re- 
quired. Experienced in wide Band Amplifiers and 
Time Bases for Oscilloscopes. Salary commensurate 
with experience and qualifications, commencing 
£900-£1,250. Write Dartronic Ltd., 3-7, Windmill 
Lane, E.15 W 2035 
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EE 33 267 for further details 


ors" BHT TRON 
POWER 
TRANSISTORS 


2 TO 30 WATTS DISSIPATION AT 100°C 


OUTSTANDING FEATURES 
* Extremely low saturation resistance * High beta at high current 
* High current and power dissipation ratings * High temperature performance (up to 175°C) 


MEDIUM POWER TYPES 











LOW POWER TYPES HIGH POWER TYPES 


XC703 XC713 XC723 

Maximum collector/base voltage (volts) eg es ” ia 60 60 
Maximum emitter/base voltage (volts) = a a 2 12 10 
Minimum hye (Vee 4V, I. 200 mA) an = is it 15 - 

(Vice 4V, 1, = 750 mA) a Se eee 15 

(Vee 4V, i, = 1.5 A) - 
Average fz (Vcp = 28V, I. = 5 mA) (Mc/s) — ae ‘ - 

(Vp = 28V, I, = 5 mA) (Mc/s) i “ a 1.25 

(Veb 12V, I, 100 mA) (Mc/s) fo =F oe - l 


Have you our latest transistor data sheets? A request on your business notepaper will bring you a set made up to date. 


EDISWAN SEMICONDUCTORS 


MAZDA Associated Electrical Industries Ltd 
Radio & Electronic Components Division 

Semiconductor Department 

155 Charing Cross Road, London, W.C.2 Telephone: GERrard 9797 

Ta15/87 
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ELECTRONIC ENGINEERS and technicians 
with several years’ experience are required for 
development work on valve and semi-conductor 
circuitry and electro-mechanical instruments. The 
posts are permanent and pensionable with com- 
mencing salary of £900 to £1,300 (or more) depending 
on qualification and experience. Please write giving 
full details to New Electronic Products Limited, 
360, Kennington Road, $.E.1! W 5158 


ELECTRONIC ENGINEER. We have a vacancy 
for an engineer to work on the development of new 
nuclear electronic equipment. A sound theoretical 
knowledge is essential with qualification to H.N.C 
or equivalent level, preferably coupled with some 
experience in pulse techniques and transistor circuit 
design. Further details from the Personnel Manager, 
Piessey Nucleonics Limited, Weedon Road, 
Northampton W 5174 


ELECTRONIC PROJECT ENGINEER required 
for interesting work in small unit of large Group. 
V.H.P. and transistor experience coupled with ability 
to rapidly finalise projects is a definite asset. Good 
salary and working conditions. H.N.C. normal 
minimum ‘qualifications. Communications (Air) Ltd., 
Half Moon Street, Bagshot, Surrey. Telephone: 3085. 

W 358 


ELECTRONIC RESEARCH. Electronic Engineers 
and Physicists required for interesting research work 
in a variety of fields at a small research establishment, 
with the backing of a large industrial organisation 
The work is centred on a country house ideally 
situated for easy access to the New Forest and a 
large part of the South Coast as well as to London 
Very pleasant working conditions, an active Social 
Club with many indoor and outdoor facilities and a 
wide choice of types of residential area are additional 
features. Fields of interest include general circuit 
work, microwaves, digital and analogue computer 
and storage techniques, data reduction and analysis, 
semiconductor applications and noise and informa- 
tion theory. Salaries are related more to ability and 
originality than to direct responsibility and for the 
right type of person compare favourably with those 
obtainable elsewhere. In the first instance they will 
lie in the range £750 to £2,000 p.a. depending on age, 
experience and qualifications. Applications giving 
this information should be forwarded initially to 
The Personne! Manager, The Plessey Company 
Limited, Roke Manor, Romsey, Hants W 5138 


LOUIS NEWMARK LIMITED, leading com- 
pany in the design of auto pilots for helicopters are 
expanding their facilities at their Development 
Laboratories at Croydon and have the following 
vacancies to be filled immediately. Engineers and 
Assistant Engineers with degree or H.N.C. and 
experience in the field of light electrical engineering, 
electronics, electro mechanical devices or semi 
conductors, to work on the development, installation 
and flight testing of automatic pilots. Salary com- 
mensurate with experience. sion Scheme. Apply 
in writing, giving full particulars, to: Personnel 
Officer, Louis Newmark Lid., Prefect Works, Stafford 
Road, Croydon, Surrey. W 351 


ELECTRONIC ENGINEERING 


ELECTRONICS AND COMMUNICATIONS. 
Developments during the last few years have taken 
A.C.E. Limited into the fields of electronics, remote 
control, telecommunications and systems design 
This work is complimentary to the Company's 
extensive experience in process control and auto- 
mation. Plans have been made to extend this 
activity and a very good opportunity exists for an 
Electronics Engineer with some experience of 
communications and telemetering to join the 
organisation. His work would include assessment 
of system requirements, specification of equipment 
and specialist advice to process control engineers 
We envisage a man of over 30 at a commencing 
salary in the range of £1,300-£1,700 p.a. plus the 
usual benefits. A.C.E 
company in the John Brown organisation 
write to: M. P. Atkinson, Chief Engineer, Automatic 
Control Engineering Limited, Roxby Place, Seagrave 
Road, Fulham, S.W.6 W 5152 


Limited is a subsidiary 
Please 


ELECTRONIC TEST ENGINEERS AND 
TESTERS. Light Engineering Company in the 
Midlands is reauiring the above for the testing of 
Electronic Equipment on Government Contracts 
and Commercial Television. Applicants with a 
knowledge of this type of testing, and wishing to 
obtain well-paid positions, should apply stating 
qualifications and experience to the Personnel 
Manager, Box No. W SISI. 


IMPERIAL CHEMICAL INDUSTRIES (Dye- 
stuffs Division) Limited, have a vacancy for an 
Assistant Technical Officer to help in developing 
new ultrasonic and microwave techniques for the 
chemical industry. Applicants should have a Pass 
degree in physics or the H.N.C. in physics or 
electronics, and appropriate practical experience in 
the electrical industry would be an advantage. The 
successful candidate will be located initially at 
Welwyn, but will subsequently move to the Division's 
Research Department at Blackley, Manchester. The 
Company operates a S-day, 37} hour week, a 
Pension Fund and an Employee's Profit Sharing 
Scheme. Application forms may be obtained from 
Personnel Services, [.C.I. Limited, Akers Research 
Laboratories, The Frythe, Welwyn, Herts. W 5142 


RANK PRECISION INDUSTRIES LIMITED. 
Central Research Laboratories have a vacancy for a 
Development Engineer to work on problems con- 
nected with Computer Output Printers and recording 
devices. Electro-mechanical, Optical and Hydraulic 
principles are involved in these developments 
Applicants should have experience in one or more of 
these fields and a minimum qualification of H.N.C 

or equivalent. A staff pension scheme is in operation 
and salaries are reviewed annually. Please apply in 
writing, giving details of qualifications and career so 
far to: The Laboratory Manager, Rank Precision 
Industries Ltd.. Sulgrave Road, Hammersmith’ 
London, W.6 W 5162 


OVERSEAS. Electronic Technicians are required 
by an Oil Exploration Company with Headquarters 
in the U.K. Men should be single on joining. Work 
will include the maintaining and operating of 
field equipment often under conditions of desert, 
jungle, and swamp. The equivalent of an H.N.C., 
with practical experience in electronics, is essential. 
Tours overseas are of up to two years followed by 
home leave. Write with full particulars, covering 
any time spent in the Forces, to Box No. W 356 


SENIOR SALES ENGINEER. Machine Tool 
Control Equipment. Airmec Ltd. rejuire a man of 
exceptional drive to take over the marketing of their 
AUTOSET Machine Tool Control Equipment 
This is a pioneer position and the successful applicant 
must be prepared to accept eventual responsibility for 
all publicity, sales, customer liaison and market 
research connected with the AUTOSET. It is en- 
visaged he will form the nucleus of a separate sales 
department and from the start he will be directly 
responsible to the Sales Director. Applicants must 
have had experience of Machine Tool Control 
equipment and should be aware of the pre-eminent 
position of the AUTOSET in this market A 
generous salary with expenses and car allowance will 
be paid to the right man. Write giving full particulars 
of experience, qualifications, and present salary to 
the Personnel Officer, Airmec Limited, High 
Wycombe. (2501-7) W 5166 


SENIOR DEVELOPMENT ENGINEER 
required for work on laboratory and industrial 
instruments for control systems. Applicants should 
hold = Benen, Dip.-Tech., or H.N.D. with a sound 
academic knowledge of control systems and a 
minimum of 3 years’ experience in electronic 
instrumentation, servo-mechanisms or analogue 
computing units Experience in transistor circuit 
design would be an advantage. The position will 
involve working in collaboration with consultants 
and developing basic ideas for instruments to the 
production stage with the assistance of a small team 
of technicians. The salary will be about £1,500 p.a 
The working location is Crowborough, Sussex. The 
company is a young one but intends to grow. Apply 
to the Managing Director, Feedback Ltd., Crow- 
borough, Sussex. W 5126 


W. H. ALLEN SONS &@ CO. LTD. require a 
Senior Servomechanisms Engineer Applicants 
must have a sound knowledge of servo theory and 
be experienced in the design of circuitry using 
transistors. At least 5 years’ experience, a degree or 
good H.N.C. are the minimum qualifications. 
Age 28-45. Good prospects are open to the right man. 
Write for application form and conditions of service, 
etc., to: The Personnel Manager (Ref. 1007/3/2), 
Queens Engineering Works, Bedford W S117 
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TEXAS INSTRUMENTS 


REQUIRE SENIOR 
ELECTRONIC ENGINEERS WITH 
SEMICONDUCTOR EXPERIENCE 


Texas Instruments have recently moved into the most modern semiconductor plant in the country. This 


continuing expansion has created further vacancies in senior positions for experienced engineers. 
Applications are invited from men or women with degrees in physics or electrical engineering who have several 
years’ experience in the use or evaluation of semiconductor devices. 


The positions are with the following groups: 


DEVICE CHARACTERISATION 


This group specialises in developing test methods for 
semiconductor devices; advising device engineers on the 


electrical characteristics of products under development; 


preparing information for data sheets and test 
specifications; advising customers on the ratings and 
characteristics of our products. 


Diodes and Rectifiers 


The positions are for engineers who have experience in 
the type of work carried out by this group, specialising 
in diodes and rectifiers. The comprehensive range 

of products include: 

Silicon Controlled Rectifiers 

Zener Diodes 

High Conductance Silicon Diodes 

Mesa Computer Diodes 

Photodiodes 


Tunnel Diodes 


Transistors 


The positions are for engineers who have experience in 
the tyre of work carried out by this group, specialising 
in transistors. The range includes 

Germanium Mesa Transistors 

Silicon Mesa and Epitaxial Mesa Transistors 

Grown Junction and Diffused Small Signal 

Medium Power, Power and High Power Transistors 
Small Signal Silicon and Germanium Alloy Transistors 
Germanium Alloy Power and High Power Transistors 


CIRCUIT APPLICATIONS 


This group specialises in advising customers on the use 
of our complete range of products, both directly and 

by means of published reports and articles. The work 
includes investigation of specific customers’ problems and 
more long-term development of new circuits. 


Communication Engineering 


Engineers are required to work in the Circuit Applications 
Group, with experience in the applications of transistors 
and diodes in one or more of the following fields: 

1.F. Amplifiers 

F.M. Tuners 

Television Receivers 

H.F. Power Output Stages 

Parametric Amplifiers 

Audio Amplifiers 

Tunnel Diode Amplifiers and Oscillators 


Industrial Engineering 

Engineers are required to work in the Circuit Applications 
Group, with experience in the applications of transistors 
and diodes in one or more of the following fields 

Low Drift D.C. Amplifiers 

A.C. Amplifiers 

Operational Amplifiers 

Machine Control 

Converters and Inverters 

Semiconductor Transducers 


Please apply in writing, giving details of education and experience quoting Reference number 510/C151 


The Personnel Manager, TEXAS INSTRUMENTS LIMITED Manton Lane, Bedford 
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SOMEWHERE IN ENGLAND the man we 
want. Is it you? A unique appointment is open to 
an Electronic Production Engineer capable of 
running the manufacturing side of a rapidly growing 
company producing specialised electronic equipment 
Success will lead to early promotion as General 
Manager, and the door to the Boardroom is wide 
open! If you are young, ambitious and energetic 
have the right experience—if you are not afraid of 
long hours and above all, if you are dedicated to 
your career, this is your big opportunity. Applica- 
tions will be treated in the strictest confidence and 
should be made to the Managing Director, Box 
W 5160 


YOUNG ELECTRONICS ENGINEER 
required by well-known London firm of Chartered 
Patent Agents with expanding electrical practice. 
Should have Honours Degree, be aged 25 or under 
and be prepared to study for qualifications as 
Chartered Patent Agent. Man graduating this year 
might be suitable. Write, giving full particulars as 
to age, qualifications, etc., Box No. G4505 c/o 
Whites, 72 Fleet Street, London, E.C.4 W 5095 


SITUATIONS WANTED 


YOUNG MAN, AGED 28, single and able to 
travel, wishing to enter radio engineering, seeks post 
where he could obtain experience and qualifications 
Teaching at present, he has a working knowledge of 
elementary radio theory but is without industrial 
experience. Will someone take a chance on intelli- 
gence rather than experience? Box No. W 2031. 


EDUCATIONAL 


BOURNEMOUTH MUNICIPAL COLLEGE 
OF TECHNOLOGY AND COMMERCE. 
Full-time and Part-time Courses for the Institution 
of Electrical Engineers Part II] Examinations in 
Advanced Electrical Engineering and special subjects 
of both Heavy Current and Light Current Groups, 
are due to commence in September, 1961. Further 


details from: The Principal, Municipal College of 


alte and Commerce, Landsdowne, Bourne- 
mouth arly application is advisable W 5146 


CITY AND GUILDS (Electrical, etc) on “NO 
PASS—-NO FEE” terms. Over 95 per cent successes. 
For details of modern courses in all branches 
of Electrical Engineering, Applied Electronics, 
Automation, etc., send for our 148-page handbook 
—FREE and post free. B.LE.T. (Dept. 337c), 
29 Wright's Lane, London, W.8. W 316 


LEARN RADIO AND ELECTRONICS the 
New Practical Way! Very latest system of experi- 
menting with and building radio apparatus—‘as you 
learn’. Free Brochure from Dept. EE10, Radio- 
structor, 40 Russel! Street, Reading, Berks. W 353 


TV. AND RADIO—AM.Brit IL RE, City & 
Guilds, R.T.E.B. Certificate, etc, on “NO PASS- 

NO FEE” terms. Over 95 per cent successes. For 
details of Examination and Home Training Courses 
(including practical apparatus) in all branches of 
Radio, T.V. and Electronics, write for 148-page 
handbook—Free. B.1.E.T. (Dept. 337H), 29 Wright's 
Lane, London, W.8 W 187 


AGENCIES 


WANT A LONDON SHOWROOM? 
Technical Representative with London showroom, 
installation and service facilities, requires agency for 
electro-mechanical equipment. Box No. W 2028. 


SERVICE 


EXTRA PRODUCTION FACILITIES: Skilled 
workers + floor space + expert supervision 
extra production facilities for you. See page 188 

W 355 


355 


TRANSFORMERS DESIGNED AND MANU- 
FACTURED Prototypes or batch productions of 
all types up to 3 KVA. Prompt delivery. Suppliers 
to BBC, ITA, Universities and leading Industrial 
Concerns. Est. 1922. Phone: SHI : 2483. Forrest 
Transformers Ltd., Shirley, Solihull, Warwickshire. 
Telephone SHIriey 2483. W 350 


METALWORK. All types cabinets, chassis, racks, 
etc., to your own specifications. Philpott's Metal- 
works Ltd., Chapman Street, Loughborough ose 


FOR SALE 


LEADING DESIGNERS specify ‘Flexigarde”’ the 
flexible plastic coil for conduits, etc., also ““Clerefranz”’ 
the Self Adhesive clear film for protection. Samples, 
etc. Crossley, Eastgate Street, Rochdale. Tel. 47272 

W SISS 


50,000 PRECISION INSTRUMENT GEARS 
of all types from stock. (Now including spiral 
bevels.) Write for fully comprehensive catalogue 
The Davall Gear Company Limited, Potters Bar, 
Middlesex (Telephone No. Potters Bar 2382) 

W 357 


CAPACITY AVAILABLE 


SUB-CONTRACT electronic wiring and assem- 
bling wanted, Prototype, small batch or regular 
production runs. Bowers Electromation Engineering 
Ltd., 209a Hertford Road, Edmonton, London, N.9 
HOWard 2231 W 2033 


PATENTS 


PATENT NO. 797,599 = entitled Electrical 
Connector, particularly for the Pins of a Valve’ 
is for sale or licence. For details apply to Chatwin & 
Company, Chartered Patent Agents, 253, Gray's Inn 
Road, London, W.C.1 W 5145 


PATENT NO. 797,136 entitled “Filament Lead- 
in and Impedance Matching Structure for a Grounded 
Grid Amplifier” is for sale or licence. For details 
apply to Chatwin & Company, Chartered Patent 
Agents, 253, Gray's Inn Road, London, W.C.1 

W 5144 


PATENT NO. 773,720 entitled Amplifier Em- 
ploying Broad Band Tuned Circuit (R/F)” is for 
sale or licence. For details apply to Chatwin & 
Company, Chartered Patent Agents, 253, Grays’ 
Inn Road, London, W.C.1 W 5143 





Apply for rates to:— 


ELECTRONIC ENGINEERING 


STAFF PROBLEMS? 


Take a Classified Advertisement in 


Electronic Engineering 


And solve your problems 


ADVERTISEMENT DEPARTMENT, 28 ESSEX STREET, STRAND, LONDON, W.C.2. 
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THE MANCHESTER COLLEGE 
OF SCIENCE AND TECHNOLOGY 


(Faculty of Technology in the University of Manchester) 


Appointment of 
LECTURERS IN 
ELECTRICAL ENGINEERING 
Applications are invited for Lectureships in Electrical Engineering 
with equivalent status in the University of Manchester 


Salary will be in the scale £1,050 = £50-—£1,400 x £75—£1,850 with 
family allowances and F.S.S.L 


The conditions of appointment and form of application may be ob- 
tained from the Registrar, the Manchester College of Science and Tech- 
nology, Manchester, | The last date for the receipt of applications is 
12h May, 1961 








announce the following vacancies in their 
expanding organisation which is pleasantly 
situated on the South Coast. 


Senior Engineer to investigate interesting problems in 
the field of visual simulation. Applicants with good 
academic qualifications and design experience of 
optical/electronic equipment are invited to apply. 


Senior Engineer to carry out design studies and prepare 
specifications for new projects. Applicants must have 
several] years’ experience at a senior level on the design 
of Flight Simulators, Analogue Computers and Train- 
ing Equipment. 

Design Engineers for design and development of 


systems and equipment used in the above fields. The 
problems likely to be met are both varied and absorbing 


Senior Electro Mechanical Draughtsmen with experi- 
ence of small electro-mechanisms and instruments. 
Electronic Draughtsmen with experience of chassis 
design and layout and capable of producing circuit 
diagrams to publication standard. 
Attractive salaries with pension rights are offered and 
applicants are invited to send full particulars of 
experience and qualifications, stating position applied 
for, to 
CHIEF ENGINEER, 
MILES ELECTRONICS LTD. 
SHOREHAM AIRPORT, SUSSEX 











DEVELOPMENT 
ENGINEER 


required 
for electronic resistance welding controls. Knowledge 
of welding and welding industry essential. Controls are 
of advanced design and used by leading manufacturers. 
Position offers considerable prospects to forward looking 
person having technical knowledge, drive and experience. 


Please apply Staff Supervisor, 


RADIOVISOR PARENT LIMITED, 
Stanhope Works, High Path, S.W.19. 








SENIOR 
MIGROWAVE 
ENGINEER 


One of the most progressive electronics com- 
panies offers an outstanding opportunity for a 
man with the right qualifications to work in a 
pleasant and healthy seaside atmosphere yet 


within an hour’s train ride from London 


The successful candidate will take control of 
a team engaged in the design of microwave 
components, duplexers and aerial systems 
Qualifications up to degree standard, and 


experience in this field are essential. 


There are also excellent openings for both 
senior and junior engineers to work on a wide 
variety of special components in the radar field. 


For an interview with 
the Manager of the 
Aviation Division, 
write to the 


Personnel Manager, 


EKCO ELECTRONICS LTD 


Southend-on-Sea * Essex 
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Applications should be made in writing to 


[derranti computers 


WEST GORTON, MANCHESTER 


SENIOR DESIGN AND 
DEVELOPMENT ENGINEERS 


for work associated with the design and development of the latest Ferranti range of digital computers. 


These are senior posts and candidates should have a degree in electrical engineering or H.N.C. coupled 
with first-class experience in the development of electronic equipment (not necessarily computers). 
Salary scales and general conditions of employment will reflect the seniority of these appointments. 
Where necessary supplementary training will be given. 


T. J. Lunt, Staff Manager, Ferranti Limited, Hollinwood, Lancs. 


giving brief details of qualifications and experience. Please quote reference KLD. 








UNITED KINGDOM 
ATOMIC ENERGY AUTHORITY 


PRODUCTION GROUP 
INSTRUMENT MECHANICS 


Windscale and Calder Works, and Chapelcross Works require 
experienced men with knowledge of electronic equipment 
and/or industrial instrumentation for fault diagnosis, repair 
and calibration of a wide range of instruments used in 
nuclear reactors, radiation laboratories and chemical plant. 
This interesting work involves the maintenance of instru- 
ments using pulse techniques, wide band low noise amplifiers, 
pulse amplitude analysers, counting circuits, television. and 
industrial instruments used for the measurement of pressure, 
temperature and flow. 


Men with Services, Industrial or Commercial background 
of radar, radio, television, industrial or aircraft instruments 
are invited to write for further information. Training Courses 
in Specialised Techniques are provided for successful 
applicants having suitable instrumentation background. 
Married men living beyond daily travelling distance will be 
eligible for housing. A lodging allowance is payable whilst 
waiting for housing. Working conditions and promotion. 
prospects are good. 


Applications to:— 


Works Labour Manager, 
Windscale and Calder 
Works, 


Works Labour Manager, 
OF Chapelcross Works, 
Sellafield, Annan, Dumfriesshire. 
Seascale, Cumberland. Scotland. 











TRANSISTOR 
CIRCUIT ENGINEER 


A Senior Engineer, preferably with qualifications, 


is required by a leading component manufacturer. 


At least three years’ previous Transistor experience 
is essential, preferably, but not essentially in 
commercial Radio and Television. 


Applicants should be under the age of 40. This 
Staff appointment carries a good Salary and Pension 
Scheme, etc. 


The factory is situated in a pleasant part of the 
South Coast with excellent facilities for both 
technical and general education, sailing and sport. 


Write giving full particulars to: 


Chief Engineer, 
Sydney S. Bird & Sons Limited 


Fleets Lane, Poole, Dorset. 
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era dat Siddeley Aviation 


GUIDED WEAPOAHS 








Interesting and progressive posts are available in 
TRIALS DEPARTMENT of the expanding 
Weapons Research Division of A. V. Roe & Co. 
Ltd., at Woodford, Cheshire. 


The Division is engaged upon the design and develop- 
ment of the air-to-ground strategic guided missile for 
the R.A.F. ‘V’ Bomber Force—Blue Steel. 


TRIALS DEPARTMENT—— 


1. ELECTRONIC ENGINEERS 


of H.N.C. standard to work on pre-flight testing 
and preparation of guided weapons. 
4 vacancies. 


2. ELECTRONIC TECHNICIANS 


of O.N.C. standard to assist the above, with 
prospects of promotion on qualification. 
& vacancies. 


3. MECHANICAL ENGINEERS 


of H.N.C. standard to work on pre-flight testing 
and preparation of guided weapons. 
3 vacancies. 


4. MECHANICAL TECHNICIANS 


of O.N.C. standard to assist the above, with 
prospects of promotion on qualification. 
6 vacancies. 


The Division is situated on an airfield in rural 
Cheshire close to housing and shops and on main 
bus routes. A Superannuation scheme is in 
operation and there are good Canteen facilities. 


Apply quoting Ref. No. WRD/TA/R. 118/D, and 


stating which post/s of interest to: 


Personnel Manager 


A. V. ROE & CO. LTD. 


GREENGATE MIDDLETON MANCHESTER 











DATA RECORDING INSTRUMENT COMPANY LIMITED 


require an 
ELECTRONICS ENGINEER 


to assist with the development and construction of digital 
tape recording equipment. 

Applicants should possess O.N.C. qualification or equivalent. 
The initial salary will be in the range £700-£750 depending on 
age and experience. 

The Company operates a superannuation fund and its 
expansion programme offers excellent opportunities for 
advancement. 

Applications, which will be treated in confidence, giving details 
of career should be addressed to 
R. D. SIMPSON, 

DATA RECORDING INSTRUMENT CO. LTD., 
WOODTHORPE ROAD . ASHFORD . MIDDX. 








RHOANGLO MINE SERVICES LIMITED 
Kitwe, Northern Rhodesia 


INSTRUMENTATION 
ENGINEER 


Applications are invited for the post of Instrumentation 
Engineer in the company’s Instrumentation Division, which 
has become vacant as the result of promotion and expansion 

The Division serves the Northern Rhodesian mining com- 
panies of the Group controlled by Anglo American Cor- 
poration of South Africa, Limited, which are large-scale 
producers of copper, cobalt, lead and zinc 


DUTIES. The Division is under the direction of the 
Senior Instrumentation Engineer and the successful candi- 
date would be his deputy in charge of the present staff of 
six technicians 

The Instrumentation Engineer would be required to assist 
in devising instrumentation systems for special problems in 
the fields of mining, ore dressing, leaching, roasting (fluid 
bed, hearth and kiln), electrowinning and refining, including 
measurement and control devices for pressure, temperature, 
weighing, flow and pulp density measurement, etc He 
would also assist with the planning, commissioning and 
development of instrumentation in the production plants, 
and with the substantial amount of service and standard- 
isation work which is undertaken 

A wide knowledge of commercially available units which 
can be incorporated in instrumentation systems is essential, 
and the ability to devise, design and direct the practical 
construction and installation of new “ one-off" units for 
special purposes is also required 


PAY, etc. The commencing basic salary will be deter- 
mined by qualifications and experience but will not be less 
than £1,674 per annum—plus a bonus, varying with the 
prosperity of the industry, which is at present approximately 
40% of basic salary, and a variable cost-of-living allowance 
which is at present about £60 per annum. Excellent modern 
housing, complete with basic furniture, refrigerator, etc., is 
provided at a nominal rental. There are also generous 
pension, life assurance and medical benefits. Leave varies 
between 48 and 51 days per annum, depending on salary, 
and may be accumulated for up to three years. Air or 
sea passage for the successful candidate would be paid by 
the company and assistance may be provided towards other 
importation expenses. Income tax rates are low 


GENERAL INFORMATION. Kitwe is situated on the 
Central African plateau at an altitude of 4,100 feet above 
sea level and consequently enjoys an equable, healthy climate 
of dry cool winters with a rainy season moderating summer 
temperatures 

Ample all the year round facilities for all the usual sports 
are available. Two modern cinemas offer daily programmes 
Numerous recreational societies are active in the town, which 
has a population of about 12,000 Europeans. A television 
service is expected to commence in a few months 

Education at the Government schools is free. Several 
modern and well-equipped primary schools cater for the 
younger children. The boys’ high and girls’ high schools 
prepare pupils for the usual school leaving certificates and 
university entrance examinations 


APPLY BY AIRMAIL TO The Secretaries, 
P.O. Box 172, 
Kitwe, 
Northern Rhodesia. 
Stating age, marital status, qualifications, experience record, 
availability, and the names of two referees, and enclosing a 
recent photograph 
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RADAR ELECTRONICS ? 
TELEVISION ELECTRONICS ? 
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Do you aspire to a position with responsibility for many thou- 
sands of pounds worth of equipment? Do you realise that this 
field offers excellent prospects of promotion? If so, send in 
full particulars of yourself to: 


"ENGLISH ELECTRIC 


Department G.P.S. 
ENGLISH ELECTRIC HOUSE, STRAND, LONDON, WC2 
Quoting Ref. Number 390H EE 
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Q - COMPUTING SYSTEM SERVICING - 












































for consideration against positions which are and will be 
available after training in London, the Home Counties, 
West Country, Midlands and the North West and others 
which involve travel both in this country and abroad. 

The Company is prepared to assist in any housing prob- 





lem that may arise. T 
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TRAINING AS 
COMPUTER ENGINEERS 


Applications are invited from young men for 
maintenance of large-scale computer installations. 
The work involves testing, fault diagnosis and 
maintenance of a large volume of fully transis- 
torised electronic circuits. 


Applicants should have a degree, H.N.C. or 
similar qualification together with some practical 
experience of electronic work. Men with appreci- 
able experience but without qualifications will be 
considered. 

Comprehensive training will be given and excellent 
prospects exist in the Company which is expanding 
rapidly. 

Details of experience, qualifications, age and 
present salary should be sent to: 


Personnel Manager, 


LEO Computers Limited, 
Hartree House, 
151A-159A Queensway, London, W.2. 








NATIONAL INSTITUTE FOR RESEARCH IN 
NUCLEAR SCIENCE 


Technical Staff 


Technical staff with Electronics experience are required by 
the National Institute for Research in Nuclear Science at the 
Rutherford High Energy Laboratory, Harwell, Berkshire. 


The successful applicants will be members of a small team 
engaged in setting up and calibrating a wide range of electronic 
and electrical instruments. 


Applicants should have had a recognised engineering 
apprenticeship or have had equivalent training. It would be 
an advantage to possess an Ordinary National Certificate. 
Experience in the repair, fault finding and calibration of 
general electronic and physical instruments is required. 


Salaries are in the scale £885 (at age 26) to £1,210. 


There is a contributory superannuation scheme and 
assistance is given with housing. 


Please send a POST CARD for an application form 
to the Personnel Officer, 


The Rutherford High Energy Laboratory, 
Harwell, Didcot, Berks. 
quoting reference VN 47 42. 
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RESEARCH AND DEVELOPMENT 
APPOINTMENTS IN CAMBRIDGE 


An extensive, long-term development programme 
in a spacious, new laboratory enables us to offer 
progressive and permanent positions to the right 
type of design engineers. 





Initially, there are three vacancies for 


Circuit Engineers 
having sound experience with the use 
of transistors, and one vacancy for a 
thoroughly practical 


Mechanical Designer 
Familiarity with the latest Nucleonic techniques 


would be an advantage. 


Our own Staff have been notified about these 
vacancies. 


Applications will be treated as confidential. 


LABGEAR LIMITED, 
WILLOW PLACE, 
CAMBRIDGE. 
(Telephone 88022). 








VICKERS-ARMSTRONGS (SHIPBUILDERS) LIMITED 
require at 
BARROW-IN-FURNESS 


a number of 


ELECTRICAL 
ENGINEERS 


for the testing and commissioning of the electrical 
systems in Naval nuclear reactor installations. The work 
covers the preparation of system test specifications and 
the technical supervision of testing in the fields of reactor 
instrumentation, control and protection; power generator 
and distribution and machinery control 

A Degree, H.N.C., or equivalent qualifications, backed 
by practical training and experience in one or other of 
the above fields is required. 

There are long term prospects in systems design work 
for which this project will form an excellent basis 


This opportunity will primarily interest the 
Engineer seeking to widen his experience, but mature 
Engineers with possibly a relevant Service background 
would be suitable for some of the posts. 


young 


Salaries will be based on qualifications and experience 
Applications should be addressed to the 
Chief Electrical Engineer 
VICKERS-ARMSTRONGS (SHIPBUILDERS) LTD. 
Barrow-in-Furness, Lancashire. 











CoS 


Offer an opportunity in an out-of-the-ordinary branch of Electronic 
Engineering to a 


DEVELOPMENT ENGINEER 


with at least H.N.C. standard in electrical engineering or electronics 
Experience in high-power electronic equipment an advantage 





Interesting work in connection with 
NEW R.F. INDUCTION HEATING EQUIPMENT 
The post commands a good salary and offers prospects of advancement 
Apply in confidence, giving full details of qualifications and experience to 
Chief Development Engineer 


DELAPENA & SON LIMITED 
Tewkesbury Road, Cheltenham, Glos. 




















“A complete library 
in two volumes...” 


KEMPE’S ENGINEERS 


YEAR-BOOK 


Edited under the direction of the Editor of “The Engineer” 


1961 Edition price 87/6 (plus postage 2/6) 
from technical booksellers or direct from the publishers 


Kempe’s Engineers Year-Book, 28 Essex Street, Strand, 
London, W.C.2 Telephone: CENtrai 6565 





THE M-O VALVE COMPANY LIMITED 


invites applications from suitably qualified staff (male or 


female) for the following: 


DESIGN DRAUGHTSMEN 


for senior electro-mechanical work on small plant and test 
equipment 


ENGINEERS & TECHNICIANS 


for work on 


MICROWAVE DEVICES 

TEST EQUIPMENT 

CATHODE RAY TUBES 

RECEIVING VALVES 
We have vacancies for all grades from O.N.C. students to 
those with a Degree or H.N.C. Some of the work is on 
the development side, some on problem solving in relation 
to production 
Please write referring to the vacancy which is of interest 
to you and giving details of age and experience to 


The Personnel Officer 
M-O Valve Co. Ltd. 
Brook Green, Hammersmith, W.6 

















EE 33 268 for further details 
MAY 1961 


ELECTRONIC ENGINEERING 





EE 33 269 for further details 


of 
@ 0 
qo ys 


9 or 


. choose the British-made 
VISICORDER 1108. . . direct recording... 
instant reading . . . 12-channels. 


* Fifteen chart speeds, from -05 to 
80 inches per second, are all 
immediately obtainable by push-button 
even while recording. 
Equipped with a latensifier unit, and using 
process-free photographic paper, the time 
between receipt of signal and its reproduction 
in a visible form is cut to one second. 
Chart paper is taken up neatly on a spool, 
and the direction of travel can be reversed 
via push-button control for closer study 
and analysis of data. 


Galvanometers are totally enclosed and sealed. 
They plug into the magnet block . . . can be 
easily changed in seconds. 


In these and other ways, the N.E.P. VISICORDER stands out as 
the most convenient instrument for industry and research. 
Please write for full technical details. 


New Electronic Products Limited 
A HONEYWELL AFFILIATE 
Makers of scientific, medical and industrial instruments 
Head Office and Works: 
360 Kennington Road London SE11 Reliance 5161 
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A.P.T. Electronic Industries Ltd. 
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Abbey Panel & Sheet Metal Co. Ltd. 
Adcola Products Ltd. 
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Aircraft Marine Products (Gt. Britain) Ltd. 
Airmec Ltd. 
Alma Components Ltd. 
Ampex International 
Anders Electronics Ltd. 
Armstrong Whitworth Equipment 
Arrow Electric Switches Ltd. 
Ashburton Resistance Co. Ltd. 
Associated Electrical Industries Ltd. 
Cover ii, 28, 114, 128, 133, 187, 209 
Associated Television Ltd. 1 
Austinlite (Stone-Chance Ltd.) 18 


B. & K. Laboratories Ltd. 
B.1.P. Chemicals Ltd. 

B & R Relays Ltd. 

BX Plastics Ltd. 

Barr & Stroud Ltd. 

Belix Co. Ltd. 

Belling & Lee Ltd. 
Bendix-Ericsson (U.K.) Ltd. 
Berna Industries Ltd. 

Berry's Radio 

Best Products Ltd. 

Bird, Sydney S.,. & Sons Ltd. 
Birmingham Specialities Ltd. 
Blackburn Electronics Ltd. 
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Hydraulic Variable Speed Gears 


Positive hydraulic drives providing smooth stepless 
speed variation over a 27/1 range with sensitive 
accurate control at all output speeds. 

Carter Gears are made in ten sizes suitable for 
variable speed drives from fractional up to forty 
horsepower. They will transmit a constant output 
torque throughout the entire range and may be 
used to accelerate a drive from zero r.p.m. up to 
the required running speed. 

Remote Electrical, Lever and Handwheel controls 
are available and speed control setting adjustments 
can be made with the drive running or stationary. 


To obtain copies of current technical 
publications on the ten available sizes, 
please write to us quoting reference 66!. 


CARTER GEARS LIMITED. 
Ps makers of Hydraulic Infinitely Variable Speed Gears 
Bradford 3. Yorkshire. England. Phone: Bradford 64378 
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ACCURACY 


on a wide front 


The Cambridge Universal Bridge is used extensively 
for the routine checking of electrical products, and 
also in laboratories and test rooms, where a compact 
portable apparatus capable of a wide variety of 
measurements is required. It can be supplied for 
either AC mains or battery operation, and is fitted 
with a telephone detector. The main measuring 


UNIVERSAL BRIDGE 


Cambridge 


Universal Bridge (for AC operation) in teak case. 


Send for List AN30! 


elements employed are a decade resistance and a 
decade variable mutual inductometer of toroidal con- 
struction, both of which are accurate to within 
over the greater part of their ranges. 

The apparatus gives direct reading for all primary 
electrical quantities except frequency. 


0.1% 


For future publications, ask for Mailing Form AN 5 6 


FOR THE ACCURATE MEASUREMENT OF 
RESISTANCE, INDUCTANCE AND CAPACITANCE 


CAMBRIDGE INSTRUMENT COMPANY LTD. 13 GROSVENOR PLACE, LONDON, S.W.1 
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HUNTS HIGH-K GERAMICS 


‘“<Plaquette” Type GS-30v D.C. Wkg 


CHARACTERISTICS 
POWER FACTOR (at 100kC/S at 25 C) <400.10°% 
INSULATION RESISTANCE > §,000M 2) 
CAPACITANCE TOLERANCE at 25 C + 80% -20 











CLASS Y Between -10 C and +70 C the capacitance remains 
-85". and +2 with respect to the capacitance value 
25°C. 

ASS x Between -10 Cand +-70 C the capacitance remains 
-60°. and +30" with respect to the capacitance value at 

25 C. Connections pre-formed for printed circuit applica- 

tions available to special order. Marking according to the 

international colour code. The capacitance tolerance is not 


marked. 


fad 


TYPES AND SIZES 





Capacitance in Dimensions in Type 
| Millimetres 
Picofarads A B Numbers 





EWES asada, 


4,700 | 6 6 GSX 706 
10,000 | 10 40 GSX 710 
25,000 | 10 10 GSY 710 
50,000 2 12 GSY 712 
100,000 is 15 GSY 715 


a hladle 
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Manufacturers of capacitors of all types 
and for all applications 
TYPES 
DRY ELECTROLYTIC * METALLISED PAPER (HUNTS PATENTS 
METALLISED PLASTIC FILM (HUNTS PATENTS) 
PLASTIC FILM * FOIL AND PAPER * SILVERED MICA 

STACKED MICA * CERAMIC * POWER CERAMIC 

TRANSMITTING AND SPECIAL R.F. TYPES 


APPLICATIONS 
RADIO AND TELEVISION EQUIPMENT * ELECTRONIC EQUIPMENT 
POWER FACTOR IMPROVEMENT * CAPACITOR MOTORS 
FLUORESCENT LIGHTING * PHASE SPLITTING 
H.F. AND R.F. HEATING 
IGNITION AND INTERFERENCE SUPPRESSION 
arcisteato N TELEPHONE INSTALLATIONS 


WM OM 
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CAPACITORS 


A. H. HUNT (Capacitors) LTD. 
WANDSWORTH, LONDON, S.W.1I8 VANdyke 6454 


Factories also in Essex, Sussex, Surrey and North Wales 
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Quite a problem est ia. 


ij 
I | 


We can’t afford 


bottlenecks—specially at the 
S ‘ring stage 
soldering stage. 
Planning a new product ? 
Using a new process ? 
The problems of electrical jointing, including 


(i il those concerned with printed circuits, can be 
lh 


solved for you—free of charge by the new service 


I i | that Fry’s offer Industry 
Ul i “The Solder Advisory Bureau.”’ 


WN | 
iV Whatever your soldering problem, send it to 
Fry’s. Their Confidential report is completely 


free and contains expert recommendations. 


FRY’S METAL FOUNDRIES LTD. 


Manufacturers of Quality Solders & Fluxes 


and suppliers of 


FRYS FLOWSOLDER EQUIPMENT 
for automation in printed circuit 


soldering 
Tandem Works 
Merton Abbey 
London S.W.19 
Tel. Mitcham 4023 (7 lines) 
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Branches at 
MANCHESTER «+ GLASGOW «+ KIDDERMINSTER DUBLIN MRP 119 
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